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Abstract 


The  goal  of  this  document  is  to  evaluate  the  potential 
for  evaluating  the  status  of  collections  of  questionable 
stone  clasts  in  redeposited  contexts.  To  this  end,  the 
problem  of  natural  versus  human  modifications  of  stone 
clasts  is  reviewed  in  terms  of  its  historical  and  current 
context.  Previous  approaches  to  this  problem  are  reviewed 
and  found  to  be  unsatisfactory  in  terms  of  providing  sound 
empirical  arguments  with  which  to  evaluate  questionable 
assemblages.  To  resolve  this  problem,  a  general  research 
design  is  outlined  iwhich  focuses  attention  on  the  contextual 
parameters  of  queestonable  stone  clasts  redeposited  by  a 
variety  of  natural  geomorphic  agencies.  This  research  design 
is  then  applied  to  three  concrete  cases  (the  Timlin  site, 
the  Caribou  Island  site,  and  the  ESP  site)  where  stone 
clasts  of  questionable  origin  have  been  excavated.  Although 
the  evaluation  of  the  status  of  specimens  is  not  always 
conclusive  in  each  case,  the  results  indicate  that,  at  the 
very  least,  probabilistic  assessments  can  be  formulated  arsd 
valid  lines  for  future  research  can  be  generated  from  such  a 
study . 
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I.  Introduction 


A.  Problem  Statement 

The  Folsom  discovery  more  than  50  years  ago 
substantially  altered  traditional  archaeological  concepts  of 
the  chronology  of  human  occupation  in  the  New  World.  Since 
that  discovery,  which  demonstrated  the  coexistence  of 
hominids  with  terminal  Pleistocene  fauna,  little  further 
progress  has  been  made  towards  understanding  the  antiquity 
of  human  beings  on  this  continent.  Archaeologists  are  still 
unable  to  address  meaningfully  the  question  of  possible 
precursors  to  people  who  produced  the  we  1 1 -documented  fluted 
point  assemblages  across  North  America  approximately  11,500 
years  ago. 

One  of  the  most  significant  problems  emerging  from  the 
largely  unsystematic  search  for  evidence  of  pre-Clovis 
hominids  is  that  of  distinguishing  humanly-altered  from 
naturally-altered  stone  and  bone  materials  (Bryan  1978). 
This  question  is  far  from  being  resolved,  although  the 
evaluation  of  naturally  versus  culturally  modified  bone 
materials  has  been  the  subject  of  considerable  research 
(Binford  1981,  Bonnichsen  1978  1979,  Morlan  1980),  and  the 
lines  of  argument,  at  least,  well  defined.  The  same  cannot 
be  said  for  the  evaluation  of  natural  versus  culturally 
modified  stone  materials. 

In  most  areas  of  the  New  World  stone  materials  will 
constitute  the  bulk  of  the  available  evidence  pertinent  to 


1 


>  ’  ,'  •> 

iKjr  fmtoA^^  "*  .  1 


•.  r 


"  wS 

. 

^  ■' . 

4  * 

'■'  if  m  iC^  . 

' 

<?t 

% , 


i. 


1?^  •* 


’ .  '►•Jr  ' 


'■>K-.  t' 


« 

Y 1 1 >4i i  |i *f  ryr  f  '..:  ,' 
.  H  I  «  ■'#  ^  •  t  Jy 

t 

4  *  '<  •  ,;{».  .  v> 


*t  V 


» 


'.  » 


*JVV  4r»*  >'•  !  '.»•'. 

f.  ■: :.  <  '^,r  ^ 


■ '  y 

A  A*  »<*  r 


li*'^  i*V’  . 

,,  ,'  ^  f  .Am*  i  •  *  »,  i 

-  i  M  v-JI#  .  .  t  ,  ,  .5^  f  ^  •■  ■ 


;v-  V 


/  ■  -  " 

Jii  T  I  '  4  * 

;•».'■  I ’  t  r»'Vi'*^i  _.  *r;-'«  •  c*ui  f»f^v*.-- 

v  '•* 

,  T  .  V 


i'f  ',•• 

'  ♦*  -  -u/^' 


V;>'^ 


f 


”  ■  T  l-!,  ’  C  •■ 

k,'",y  i'  ',•  ■■  A 

■  ijif'*'  '.^J,  !Ki,i'  >k 


'  ■  i*  '1  -• 


4  *  *  M*  *•*  ' 

i  ■  •  ,  ,.  M,  — ^'. 


ii 


■■  » 

« 


Jo>Tr»r.  ..  '•  t  , 


V^  r-w  V  ‘1^ 


ir 


'■  'Itif.  '■* 


<  I  ji  ,  I  •  -  -vT? 


•  •.  f 


I *.->>■  %.  4  :3e^ ,  f  -p- ,  . ,. 

'  r  -  •  ^  “  , 

■f  .  ,  '  .  ,  r  -  ■ 

;r-  ‘  V  .  ■.  '  .. 


’.'  -  '^■.  .  .  *!;  ;.>i'  ||||i.*.  ■■■''  ■ 


'*-••  J,- 


I  l'  '■..iit 


^  rtctt 


A  -•. 


2 


the  question  of  pre-Clovis  hominids.  Past  trends  projected 
into  the  future  suggest  that  these  materials  will  be  most 
commonly  recovered  from  secondary  contexts  (Drew  1978, 
Morlan  n.d.).  Although  perhaps  not  the  ideal  context  from 
which  to  evaluate  the  antiquity  of  hominids  in  the  New  World 
(Griffin  1979),  appropriate  techniques  must  be  developed 
with  which  to  evaluate  questionable  sites  not  in  primary 
context  (Morlan  n.d.). 

The  focus  of  the  present  study  is  to  lay  a  systematic 
framework  for  the  evaluation  of  questionable  stone  materials 
in  redeposited  contexts.  This  goal  will  be  achieved  by 
construction  of  a  general  research  design  that  incorporates 
the  two  most  important  parameters  of  altered  stone 
materials:  their  geomorphic  context,  and  the  nature  of 
alteration  morphologies.  In  Chapters  4,5,  and  6  case  studies 
are  presented  which  illustrate  the  application  of  the 
research  design  to  the  evaluation  and  assessment  of  stone 
assemblages  from  specific  problematic  sites. 

B.  The  Pne-Clovis  Problematic 

To  the  casual  observer,  the  numerous  and  often 
conflicting  reports  on  the  existence  or  non-existence  of 
pre-Clovis  assemblages  in  the  New  World  must  seem  truly 
befuddling.  On  the  one  hand,  laundry  lists  of  pre-Clovis 
sites  in  North,  Central  and  South  America  have  been 
published  (e.g.,  Bryan  1965,  Krieger  1964,  Sel lards  1952, 
MacNeish  1976)  most  of  which  use  the  sites  reviewed  to  erect 
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cu 1 tura 1 -hi s tor i ca 1  frameworks  of  the  evolution  of  stone 
tool  technology.  On  the  other  hand,  other  scholars  have 
reviewed  the  sites  purported  to  represent  evidence  of 
pre-Clovis  hominids  and  either  dismissed  the  claims  as 
unfounded  or  cast  doubt  upon  a  portion  or  portions  of  the 
evidence  (e.g.,  Haynes  1969,  Irwin  1971).  Key  issues  cited 
in  the  non-acceptance  of  these  sites  include  the  following; 

1.  The  dating  and/or  relative  age  assessment  based 
on  stratigraphic  grounds  is  either  inconclusive  or 
invalid  (e.g.,  Meadowcrof t  RocKshelter,  Haynes  1980; 
Taima-Taima,  Lynch  1974,  Haynes  1969). 

2.  The  argument  for  a  pre-Clovis  age  rests  entirely 
upon  typological  grounds  in  the  absence  of  secure 
stratigraphic  context  or  datable  materials  (e.g., 
Imlay  Channel,  Irwin  1971;  Black's  Fork  Culture, 

Shar rock  1 966 ) . 

3.  The  specimens  are  not  of  definite  artifactual 
status  (e.g..  Calico  Hills,  Haynes  1973,  Taylor  and 
Payen  1979,  Duvall  and  Veneer  1980;  Medicine  Hat 
Localities,  Reeves  1980). 

Although  others  have  put  forward  other  reasons  for  the 
non-acceptance  of  specific  sites,  such  as  an  insufficient 
sample  size  (e.g.,  Tlapacoya,  Haynes  1969),  the  problems 
outlined  above  probably  cover  the  reasons  for  rejection  of 
the  vast  majority  of  purported  pre-Clovis  sites  in  both 
South  and  North  America. 

Resolution  of  conflicting  opinions  regarding  the  first 
issue  generally  poses  no  great  theoretical  problems;  either 
the  stratigraphic  evidence  or  dates  based  on  reliable 
chronometric  methods  are  present  or  they  are  not. 
Admittedly,  problems  can  arise  when  otherwise  reliable 
radiometric  techniques  are  uncritically  applied  (Yuha 
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Burial.  Childers  and  Minshall  1977),  or  when  the  age 
assessment  is  based  on  relatively  untried  chronometric 
methods  (e.g.,  amino  acid  racemization  dating  of  hominid 
fossils  from  California  localities,  Bada  and  Helfman  1975). 

The  second  issue  is  fairly  straight  forward  as  well; 
simply  put,  dating  entirely  on  typological  grounds,  shaKey 
in  the  best  of  circumstances,  is  untenable  for  proclaiming  a 
pre-Clovis  age  for  specimens  from  a  particular  site.  This  is 
particularly  true  when  there  exists  no  well-dated 
cu 1 tura 1 -hi stor i ca 1  framework  with  which  to  compare  surface 
finds.  Typically  the  typological  argument  is  predicated  on 
the  premise  that  the  cruder  the  artifacts  the  older  they 
must  be.  The  fallacy  of  this  line  of  reasoning  was 


successfully  dealt  with 

by  Holmes  (1919)  earlier  in  this 

century . 

This  brings  us  to 

the 

third 

and  final  problem,  which 

i  s 

the  principle  focus 

of 

thi  s 

study:  the  discovery 

of 

principles  for  distinguishing  artifacts  from  materials 
altered  by  a  variety  of  biological  or  geological  agencies. 
The  artifact  versus  " naturef act "  issue  is  a  more  complex 
problem  in  many  ways  but  one  in  which  archaeologists  as 
'experts  in  material  culture'  can  hope  to  make  meaningful 
general  contributions. 
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C.  Status  of  the  Problem 

This  study  has  as  its  principle  focus  the  problem  of 
recognizing  the  human  alteration  of  stone  materials  within 
the  context  of  the  dispute  over  human  antiquity  current  in 
New  World  archaeology.  Essentially  this  problem  consists  of 
an  inability  on  the  part  of  archaeologists  to  agree  on  the 
status  of  the  primary  data  removed  from  sitesli.e.,  stone 
flakes  and  flaked  stone  objects).  However,  the  general 
problem  of  recognizing  the  natural  modification  of  stone  has 
broader  implications  in  terms  of  other  materials  (e.g.,  bone 
and  ivory),  and  archaeological  materials  outside  the  New 
World.  In  addition,  the  problem  is  not  always  whether  or  not 
a  particular  assemblage  of  specimens  constitute  artifacts 
but,  in  some  cases,  whether  or  not  artifacts  have  been 
subsequently  modified  by  natural  or  non-cultural  biological 
agencies . 

In  general,  when  purported  artifacts  from  a  particular 
site  have  been  questioned  with  respect  to  their  status  as 
artifacts,  it  is  not  that  the  specimens  don't  look  like 
artifacts,  but  rather,  that  within  a  given  context  it  cannot 
be  demonstrated  that  the  specimens  are  not  simply  the  result 
of  natural  processes.  Most  broadly- trained  archaeologists 
recognize  the  great  diversity  that  characterizes  human 
stoneworking  strategies  throughout  time  and  space.  Given 
this  familiarity,  most  archaeologists  would  not  reject  out 
of  hand  specimens  recovered  in  a  primary  archaeological 
context  no  matter  how  crude  or  dissimilar  from  known 
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artifacts  an  item  or  assemblage  might  be.  It  is  only  when 
the  specimens  occur  within  a  geological  context  where 
flaking  by  natural  agencies  is  a  distinct  possibility  that 
questions  of  natural  versus  human  modification  are  raised. 
Primarily,  these  contexts  include  secondary  deposition  of 
materials  by  one  or  more  geomorphic  processes. 

D.  Levels  of  Alteration 

In  this  study,  a  distinction  is  made  between  two  levels 
of  modification  of  stone  clasts  by  natural  agencies.  The 
analytical  distinction  between  macromorphologi ca 1  and 
mi cromorphologi ca 1  alterations  is  made  for  two  reasons,  1)  a 
distinction  between  macro-  and  mi cromorphologi ca 1 
alterations  of  stone  tools  has  proved  to  be  useful  in  the 
analysis  of  human  alteration  of  stone  (i.e.,  the  analysis  of 
stone  artifact  production  and  subsequent  wear)  and,  2)  the 
qualitative  difference  between  macro-  and  mi cromorphologi ca 1 
alterations  reflects  real  differences  in  the  energy 
available  in  natural  environments  to  produce  alterations  to 
stone  clasts. 

Macromorphologi ca 1  alterations  consist  of  the  removal 
of  flakes  or  spalls  greater  than  approximately  1  cm  in 
length.  Corresponding  human  behavioral  inputs  consist  of  a 
variety  of  production  techniques  including  core-flaking  and 
the  shaping  and  thinning  of  specimens.  An  investigation  of 
the  natural  production  of  macrogeomorphs  is  crucial  for 
undertaking  research  into  the  question  of  "eoliths." 
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Mi cromorphologi ca 1  alterations  include  those 
attritional  processes  which  result  in  the  removal  of  flakes 
less  than  1  cm  in  length,  as  well  as  a  host  of  surficial 
alterations  (formation  of  patinas,  striations,  pressure 
cones,  etc.).  In  general,  this  arbitrary  size  limit  would 
exclude  much  shaping.  Human  analogues  to  natural 
mi cromorphologi ca 1  alterations  include  primarily  edge  and 
surface  alterations  resulting  from  tool  use  and  edge 
retouching . 

In  general,  it  can  be  assumed  that  where  natural 
processes  are  competent  to  produce  macromorphologi ca 1 
alterations,  the  same  process  will  lead  to  the  production  of 
mi cromorphologi ca 1  alterations  as  well.  The  nature  of  the 
mi cromorphologi ca 1  alteration  will  be  for  a  given  lithology 
dependent  upon  1)  the  mechanism  of  transport,  and  2)  the 
nature  of  the  physical  and  chemical  weathering  environment. 

Eolithic  controversies  throughout  the  world  represent 
attempts  to  differentiate  natural  macro-alterations  from 
human  stone-shaping.  As  such,  the  history  of  this  kind  of 
research  spans  more  than  a  century,  with  surprisingly  little 
real  progress  toward  resolution  of  the  problem. 

Considerably  less  attention  has  been  directed  towards 
the  consideration  of  natural  micro-alterations  (see  however 
Stapert  1976).  However,  a  number  of  use-wear  analysts  have 
acknowledged  the  problem  of  confusing  natural  edge 
alterations  with  that  produced  through  use  (Keeley  1974 
1980,  Keeley  and  Newcomer  1977,  Semenov  1964).  These  authors 
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suggested  circumventing  the  problem  by  examining  only  those 
features  produced  through  use  and  not  characteristic  of 
microalterations  in  natural  contexts  (e.g.,  edge  polish). 
Other  authors  in  the  "edge  damage  school"  recognize  the 
problem  of  confusing  natural  edge  alterations  with  attrition 
produced  through  use  and  have  attempted  to  conduct  relevant 
experiments  to  test  the  similarity  in  damage  brought  about 
by  natural  and  cultural  micromodifications  (cf.  Tringham  et 
al,  1974). 

E.  The  Eolithic  Problem 

The  term  "eolithic"  was  first  coined  by  either  G.  de 
Mortillet  or  S.A.  Brown  during  the  late  19th  century  to 
describe  what  appeared  to  be  the  earliest  attempts  by 
hominids  to  manipulate  stone  (Oakley  1972).  These  materials, 
located  in  Tertiary  deposits  in  England,  France  and  Belgium 
(MacCurdy  1905),  lacked  the  handaxes  and  flake  tools 
characterizing  the  Paleolithic  industries  and  were,  by  any 
standards,  somewhat  crude. 

The  question  of  the  artificial  status  of  these 

specimens  was  soon  to  be  raised  owing  to  the  context  of  the 

specimens  (drift  deposits  and  pre-Quaternary  gravels)  and 

their  lack  of  evidence  of  intentional  modification. 

According  to  MacCurdy  (1905:  433): 

The  marks  are  often  the  result  of  use  alone  and  not 
of  design.  This  is  due  partly  to  the  fact  that 
people  of  that  time  did  not  know  how  to  obtain  the 
raw  materials  from  the  chalk,  but  depended  entirely 
on  picking  up  from  the  drift  natural  flakes  of 
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approximately  the  shape  and  size  needed. 

Later,  with  continued  research,  other  investigators 
began  to  turn-up  flint  implements  that  were  apparently 
shaped  to  suit  specific  needs  (e.g.,  rostro-car i nates ;  Moir 
1921).  These  supposed  implements  were  held  by  Moir  and 
others  to  be  irrefutable  proof  of  the  existence  of  Tertiary 
hominids  in  Britain. 

Although  the  existence  of  an  Eolithic  stage  in  Europe 
is  no  longer  a  hotly  contested  issue,  the  problem  was  never 
resolved  to  the  satisfaction  of  several  prehistorians.  Once 
Warren  (1905)  described  the  evidence  for  the  production  of 
rostro-car i nate  forms  by  the  natural  pressure  of  overlying 
sediments,  and  others  described  the  natural  production  of 
other  Eolithic  "types"  (Breuil  1910)  the  issue  largely  died 
out . 

Outside  Europe,  evidence  of  an  'eolithic'  presence 
cropped  up  in  widely  separated  areas  such  as  Africa  and 
Australia.  The  Australian  Eolithic  stage  proposed  by  Howchin 
(1921)  was  quickly  debunked  by  Jones  and  Campbell  (1925)  who 
observed  the  modern  production  of  eoliths  on  the  Australian 
Tablelands  by  natural  thermal  forces.  In  Africa,  the 
controversy  raged  for  some  years  until  the  excavation  of 
undisturbed  sites  and  the  recovery  of  simple  stone  tools  in 
primary  context . 


*»  m  r*:.  ':aj  V'  ..  -v;-^ 


n^»^.v  ’V?  -  *.’M|> 

'-tf. 


»^:~af %"-•»» Y''^ 

C.-:'& 


■  ) 

*  % 


yf  I  ft**  • 

rf.  •  ,'•*  '■ 


♦  1 


1'  k  /  '  z%.  I 

<>  ’ 

I  ?■•%*  .  f 


i, .-a'  .''^5''':  :3 

■«i(  '  -  ■  .„ 


'  ■'d'’ 


^:f-- 


S.i 


'*  0  ;  ?‘rS  >  f  I  ^  I! 


^wv  'i 


;•  (*.i.lr)'>»rtJ  .  .ItJ,  J  ., 


‘  Ae.U  ■ 


.11 


-  ,t 


.  '*f  v-i  1.:^  »rt*  vg 

*■  '  *  '  '  .  ’  .ijg. 


.^.i 


I  .< 


^  -  ■■/  ^ 


I 


•  .  •»  v . 


"t.r  ;: 


'  h 

'*.»  '■ 


»^*  .  •  #V  .'.  1  ' '  i 

.  .  >  >  ■  ^ 


J‘ 

.■i  - 


'ji 


r> 


•’■  M 


!j.v  ..  «- 


■  \X3 


*  f' 

‘  Vi.  al  m! 


‘rx  ,  •'  -  ^fV,.  '  irvo-" 

■  f  -  i. 


V  j  . 


>■•  ■' 


t.-  .'■ — Hsr^  ■■ 

Vj  /- 


r>' 


>  » X/»* 

V 


.  -  ..  ^  *** 

V  Mi- 

•■  ■  ■--'  'i  V  ^\<.‘'w  ^•■’j 


5'V 


S  ’  .  .4  .  I* 

'  .if 

-  J 


t^^iJ  »;  '  •,^  ;.v; 


t 


f 

-u 


‘  ,  J’%^4  •  '•  ‘-.^ 

v>  '■  '* 


*3 


I 


f  n 


n  v-W  •• 

V., 


•  • 


.  A.'^ 


>  ' 


L  .  J  ’r 


"*  ''  ,'t  .'.  .  ..'■ 


**  .1.  ^ 


jA  > 


10 


F.  Contemporary  Relevance 

In  a  more  comtemporary  context,  questions  of  natural 
micro-  or  macromorpho logical  alterations  have  become  central 
issues  in  determining  the  antiquity  of  Man,  or  the  existence 
of  specific  archaeological  cultures  in  widely  separated 
areas  of  the  world.  Although  the  following  discussion  will 
focus  primarily  on  the  "eolithic"  question  in  the  New  World, 
the  intention  is  to  demonstrate  that  this  problem  is  not 
limited  to  this  continent. 

Macro-Al terat ions 

Throughout  major  areas  of  the  world  such  as  Africa, 
Asia  and  Europe,  there  appears  to  be  little  difficulty  at 
the  present  time  in  recognizing  stone  artifacts  from  the 
dawn  of  antiquity,  even  in  situations  where  the  material  has 
been  redeposited  (e.g.  Bartstra  1978),  and  the  material  is 
crude.  In  other  more  marginal  areas  (marginal  in  terms  of 
temporal  models  of  human  colonization)  either  currently 
separated  by  large  bodies  of  ocean  (e.g.,  Japan  or  the  New 
World)  or  in  seemingly  inhospitable  areas  of  the  world 
(e.g.,  western  Siberia),  the  demonstration  of  the  antiquity 
of  man  remains,  at  the  present  time,  uncert-ain. 

Interestingly,  recognition  problems  have  not  occurred 
in  Australia  where  a  temporal  record  of  over  40,000  years 
long  has  been  demonstrated:  despite  the  fact  that  Australia 
has  always  been  separated  from  the  mainland  by  a 
considerable  expanse  of  open  water  (Hal  lam  1977).  In  this 
case,  the  temporal  continuity  in  use  of  largely 
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unstandardized  stone  tools  has  perforce  lead  to  their 
recognition  in  a  variety  of  contexts. 

The  New  World  Eolithic 

The  timing  of  the  arrival  of  hominids  into  the  New 
World  has  great  significance  for  questions  of  cultural 
and  biological  evolution.  In  addition,  the  timing  of 
arrival  is  central  to  our  understanding  of  the  role  of 
hominids  in  the  extinction  of  late  Pleistocene 
megafaunal  populations  in  North  and  South  America  (cf. 
Mossiman  and  Martin  1975).  Current  opinion  is  polarized 
into  two  camps;  1)  those  who  see  the  earliest  colonists 
crossing  into  eastern  Beringia  no  earlier  than  about 
13,000  B.P.  (Haynes  1968:  Lynch  1979)  and,  2)  those  who 
feel  hominids  were  already  well  established  south  of  the 
continental  ice  sheets  long  before  13,000  B.P.  (cf. 
Bryan  1978,  Carter  1978). 

The  Martin/Haynes  colonization  model  cites  evidence 
for  the  sudden,  widespread  appearance  of  fluted, 
lanceolate  Clovis  points  at  around  11,500  B.P.  in  North 
America  as  the  remains  of  a  highly  mobile  initial 
colonizing  population.  Causally  related  to  the  initial 
penetration  of  North  America  by  hominid  big-game  hunters 
in  this  model  is  the  demise  of  over  35  genera  of  now 
extinct  Pleistocene  fauna.  The  latter  model  views  the 
distinctive,  widespread  Clovis  fluting  tradition  as  an 
indigenous  New  World  invention,  developed  in  place  in 
North  America  by  ancestral  human  populations  who  first 
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entered  the  New  World  perhaps  as  early  as  60,000  years 
ago. 

Central  to  our  ability  to  evaluate  these  opposing 
models  is  the  proper  evaluation  of  those  archaeological 
sites  which  pre-date  12,000  B.P.  and  do  not  yield 
fluted,  lanceolate  bifaces.  However,  although  a  fairly 
substantial  number  of  sites  have  been  put  forward  as 
evidence  of  a  pre-Clovis  occupation,  relatively  few  have 
withstood  the  acid  test  of  scrutiny  by  the 
archaeological  community.  Many  of  the  sites  advanced  as 
candidates  for  a  pre-Clovis  occupation  (such  as  those 
published  in  Krieger,  1964)  have  been  surface  sites 
where  the  argument  for  extreme  antiquity  has  been  on 
typological  grounds.  More  tantalizing  though,  have  been 
those  sites  where  there  exists  independent  dating  for  a 
pre-Clovis  age  but  where  general  consensus  cannot  be 
reached  regarding  the  arti factual  status  of  the  stone 
speci mens . 

The  Problem  of  the  New  World  Early  Crude  Stone  Industry 

Throughout  North  America,  and  large  areas  of  South 
America,  archaeological  assemblages  from  virtually  all 
time  horizons  include  varieties  of  bi f aci a  1 1 y- thi nned 
stone  projectile  points.  This  being  the  case,  what  did 
the  stone  tool  repertoire  of  pre-Clovis  populations 
consist  of?  This  question  has  a  bearing  on  the  problem 
of  distinguishing  natural  from  human  1 y- f 1 aked  stone 
because  our  perception  of  what  represents  an  artifact  is 
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conditioned  by  that  with  which  we  are  familiar. 

As  there  has  been  thus  far  little  in  the  way  of 
direct  evidence  to  inform  us  as  to  the  nature  of 
pre-Clovis  stone  tool  assemblages,  inferences  have  been 
made  on  the  basis  of  1)  possible  ancestral  populations 
in  western  Beringia  and,  2)  the  poor  quality  lithic 
evidence  in  the  New  World.  During  the  first  half  of  this 
century  it  was  common  practice  to  extrapolate  western 
European  Paleolithic  sequences  to  far  distant  lands.  In 
North  America,  Renaud  (1938,1940,1943)  identified  a 
corresponding  sequence  of  technological  development  on 
the  high  plains  of  the  western  United  States.  Others 
have  more  realistically  sought  to  derive  early  North 
American  populations  from  central  Siberia  (Haynes,  1980, 
Workman  1980).  Late  Pleistocene  assemblages  there 
contain  evidence  of  an  advanced  bifacial  industry  from 
which  it  is  possible  to  derive  the  bi f ace- thi nni ng 
techniques  of  late  Pleistocene  Clovis  populations  in 
North  America.  Other  persons  see  the  early  occupants  of 
the  New  World  as  possessing  what  would  be  by  North 
American  standards  a  "crude"  (i.e.,  less  specialized) 
stone  tool  industry  (e.g..  Carter  1978,  1980,  Bryan 
1978).  Chard  (1959)  proposed  that  early  New  World 
colonists  were  derived  from  the  North  Pacific  Rim  and 
brought  with  them  a  largely  uni  facial  stone-working 
technology.  Krieger  (1964)  echoed  this  opinion  and  went 
on  to  define  what  he  termed  the  "Pre-projectile  Point" 
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stage  in  North  and  South  America.  Bryan  (1978)  has 
further  developed  Krieger's  and  Chard's  position  by 
inferring  the  existence  of  formerly  more  extensive  wood 
and  boneworking  industries  among  the  early  colonists: 
these  materials  substituting  for  stone  as  the  major 
material  used  for  the  manufacture  of  projectiles. 

In  Bryan's  model,  populations  of  hominids  equipped 
with  simple  flake  and  uni  face  tools  could  have  produced 
a  wide  variety  of  tools  from  perishable  materials.  Thus, 
the  archaeological  remains  might  consist  of  marginally 
retouched  stone  specimens  with  only  a  few  of  these  being 
characterized  by  a  high  degree  of  flaking  technology.  In 
South  America,  a  number  of  assemblages  apparently  fit 
these  criteria  (including  Lapa  Pequena:  Bryan  and  Gruhn, 
1979;  El  Abra,  Hurt  et  al.,  1976;  Monte  Verde,  Dillehay 
n.d.;Los  Toldos,  Cardich  et  al.,  1973). 

Regardless  of  whether  or  not  an  ancestral,  crude, 
stone  industry  is  eventually  established  in  the  New 
World,  this  question  poses  a  critical  problem  for  New 
World  archaeologists.  Currently  in  North  American 
archaeology  it  is  common  practice  to  interpret  sites 
consisting  entirely  of  flake  tools  as  specialized 
activity  sites  (e.g.,  quarry  workshops)  or  as  incomplete 
("the  amateurs  got  the  arrowheads").  Where  assemblages 
of  "crude"  flaked  stones  are  in  a  redeposited  context 
the  question  of  natural  versus  human  flaking  becomes 
extremely  important.  This  issue  is  extremely  significant 
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when  examining  the  likelihood  of  finding  pre-terminal 
Wisconsin  sites  in  an  undisturbed  context. 

By  contrast,  in  western  Europe  and  the  British 
Isles  the  vast  majority  of  open-air  Paleolithic  sites 
are  in  redeposited  contexts  but  most  are  easily 
recognized  by  the  presence  of  carefully  shaped  tools.  In 
this  instance  the  specimens  are  morphologically  similar 
to  specimens  collected  from  primary  contexts  on  the 
continent,  and  exhibit  a  high  degree  of  skill  in  flake 
remova 1 . 

The  Paleolithic  of  Japan 

Pre-ceramic  archaeology  in  Japan  began  only  in  1947 
with  the  discovery  and  dating  of  the  Iwajuku  site 
(Morlan  1971).  Since  that  initial  discovery,  which 
eventually  established  the  reality  of  a  Japanese 
Paleolithic,  a  large  body  of  evidence  has  accumulated 
that  securely  dates  the  presence  of  hominids  on  the 
Japanese  Islands  at  least  as  early  as  30,000  B.P. 
(Ikawa-Smith  1978b).  Apparently  a  land  connection  to 
mainland  Asia  existed  before  then,  during  the  Early  and 
Middle  Pleistocene,  that  would  have  allowed  easy  access 
to  the  Japanese  Islands  by  hominids  present  in  Asia 
during  at  least  the  Middle  Pleistocene  (Ikawa-Smith 
1978a).  Although  there  exist  at  least  100  sites  claimed 
to  date  earlier  than  about  30,000  B.P.,  the  artificial 
status  of  the  assemblages  and/or  their  temporal  position 
has  been  criticized,  making  the  Early  Paleolithic  of 
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Japan  at  present  an  uncertain  entity  (IKawa-Smith  1978a, 
Mor Ian  1971). 

Morlan  (1971)  reviewed  a  number  of  the  candidates 
for  Early  Paleolithic  status  in  Japan  (e.g.,  Sozudai , 
Hoshino,  Fujiyama,  Yamader ayama )  and  concluded  that  "... 
there  appears  to  be  no  unequivocal  evidence  of  a 
pre-Wisconsin  maximum  occupation  of  Japan  (ibid.,  p. 
164)."  This  conclusion  is  based  primarily  on  the 
apparent  "crudity"  of  the  proposed  artifacts.  In  only 
one  instance  did  Morlan  present  an  alternative 
explanation  for  the  fractured  clasts,  where  in  the  case 
of  the  Hoshino  site,  materials  are  suggested  to  have 
been  fractured  by  transport  in  the  Nagano  River,  in 
whose  gravels  the  materials  were  deposited.  At  other 
sites  (e.g.,  Fujiyama  and  Yamaderayama ) ,  Morlan  states 
that  the  specimens  in  question  are  of  nonlocal 
lithologies  (ibid.,  p.  142),  but  rejects  them  as 
cultural  products  on  the  basis  of  their  "amorphous  form" 
(ibid.  )  . 

At  the  Sozudai  site,  northeastern  Honshu,  Serizawa 
(1978)  claims  to  have  recovered  a  variety  of  tool  types 
(e.g.  proto-handaxes ,  chopping  tools)  from  an  andesite 
gravel  layer  within  the  marine  terrace  in  which  the  site 
is  located.  That  the  specimens  are  not  as  clearly 
man-made  as  suggested  by  Serizawa  is  indicated  by  Morlan 
(1971)  who  finds  "...it  difficult  to  find  systematic 
evidence  of  human  modification  on  these  specimens 
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(ibid.,  p.  141)".  On  the  other  hand,  Bleed  (1977)  later 
analyzed  the  collection  and  claims  to  have  found 
objective  evidence  for  the  artifactual  status  of  the 
specimens 

At  the  site  of  IwajuKu,  further  excavations  located 
fractured  clasts  in  deposits  older  than  40,000  years  ago 
(Serizawa  1978,  IKawa-Smith  1978a).  The  artifactual 
status  of  these  specimens  is  questioned  by  several 
authors  (Ohyi  1978,  Arai  1971,  Arai  cited  in  Ikawa-Smith 
1978a).  These  authors  base  their  criticisms  on  the 
grounds  that  the  assemblage  occurs  in  redeposited 
context  in  mudflow  deposits  with  some  evidence  of 
sol i f 1 uct ion .  Similar  arguments  have  been  made  against 
the  geologically  early  AKabori  Iso  site  (Ohyi  1978). 

As  seems  common  for  "fringe"  archaeological  sites, 
evaluation  of  claims  and  counterclaims  for  and  against 
the  artifactual  status  of  assemblages  is  made  pointless 
by  the  lack  of  detailed  analysis  and  description  of 
relevant  specimens.  Rather,  the  argument  becomes  one  of 
personal  opinion,  based  on  an  intuitive  feel  of  what  is 
or  is  not  an  artifact. 

Eastern  Siberian  Lower  Paleolithic 

The  harsh  climate  of  eastern  Siberia  has  long  been 
considered  to  have  acted  as  a  barrier  to  the  human 
occupation  of  this  area  until  the  Upper  Paleolithic  (for 
a  review  see  Derevianko  1978).  Recently  this  basic 
assumption  has  been  questioned  on  the  basis  of  "crude" 
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flaked  stone  found  in  redeposited  early  contexts  by 
Okladnikov  (1964,  cited  in  Derevianko  1978).  However, 
the  contexts  and  technological  "crudeness"  of  specimens 
recovered  from  fluvial  gravels  such  as  Filimoshki,  on 
the  Zeia  River,  have  led  to  a  certain  degree  of 
scepticism  regarding  the  artificial  status  of  the  flaked 
stone  specimens  (cf.  Klein  1971,  Powers  1973). 

Powers  (1973:  16)  cites  the  rounded  ridges  on  flake 
scars  of  flaked  stones  as  evidence  for  wear  during 
transport  in  a  fluvial  environment.  However,  this 
explanation  is  unsatisfactory  because,  as  with  Acheulean 
artifacts  in  England,  flaked  stone  artifacts  having 
undergone  fluvial  transport  would  exhibit  similar 
features . 

Micro-Al terat ions 

Natural  mi cromorphologi ca 1  alterations  do  not  often 
create  interpretive  problems  for  archaeologists  on  the  scale 
of  those  potentially  caused  by  natural  macromorphologica 1 
alterations.  More  often,  micro-alterations  affect  the 
analysis  of  stone  tool  use  where  the  alterations  can 
sometimes  completely  obscure  use-wear  damage  (Stapert  1976). 
However,  in  some  cases,  the  possibility  of  micro-alterations 
can  cause  more  severe  interpretive  problems. 

In  terms  of  eolithic  controversies,  natural 
micro-alterations  on  natural  clasts  can  be  incorrectly 
interpreted  as  human  use-wear  and/or  retouch.  At  the  El 
Bosque  site,  Nicaragua,  for  example,  Gruhn  (1978)  addresses 
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the  question  of  human  versus  natural  micro-modification  of 
tabular  chert  fragments  in  geologicaly  early  deposits  (Page 
1978).  Several  of  the  specimens  from  this  site  exhibit 
sequences  of  microflake  scars  around  their  entire  perimeter. 
If  this  damage  could  be  confidently  attributed  to  hominid 
activity,  this  site  would  be  extremely  important  in  the 
context  of  the  New  World  early  hominid  controversy. 

Elsewhere  in  North  America,  Mori  an  (1981)  reports 
finding  possible  mi crodebi tage  in  alluvial  sediments  in  the 
Old  Crow  Basin.  Employing  a  firm  contextual  argument,  Morlan 
makes  a  compelling  case  for  the  human  origin  of  these 
mi crof 1 akes . 

On  other  continents,  the  question  of  natural  versus 
human  micromodifications  has  significance  for  the  possible 
mi s i dent i f i cat i on  of  archaeological  cultures.  In  France,  the 
Tayacian  and  other  pre-Mouster i an  industries  have  remained 
enigmatic  since  their  initial  identification.  These 
industries  lack  the  characteristic  tool  types  (e.g., 
handaxs)  of  preceding  and  following  industries  and  consist 
of  flake  tools  with  a  characteristic  steep  retouch.  More 
recently,  archaeologists  in  France  have  come  to  consider 
these  specimens  to  be  "pseudo-out i 1 s"  or  flakes  that  have 
been  subjected  to  a  variety  of  turbation  processes  resulting 
in  edge  modifications  resembling  human  retouch  (Laville  et 
al  1980).  Probable  mechanisms  involved  in  the  alteration  of 
these  specimens  include  bi o- turbat i on  or  trampling  ( Bordes 
and  Bourdier  1951)  and  cryoturbat ion  (Laville  et  al.,  1980, 
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Bordes  1 969 ) . 

The  Clactonian  occupies  a  similar  enigmatic  status  in 
the  British  Paleolithic.  Ohel  (1978)  has  argued  that  the 
Clactonian  does  not  in  fact  represent  a  separate  cultural 
entity  but  merely  redeposited  Acheulean  preparatory  areas. 
Resolution  of  this  dilemma  rests  in  part  upon  the 
interpretation  of  edge  damage  on  flakes  in  fluvial  gravels 
ascribed  to  the  Clactonian.  In  OheT  s  (ibid.)  opinion,  much 
of  the  alteration  is  attributable  to  damage  during  fluvial 
transport  and  not  hominid  retouch. 

G.  Outline  of  Chapters 

The  introductory  chapter  has  served  to  outline  the 
problem  under  study  and  address  its  significance  to  general 
archaeological  problems.  In  Chapter  2  a  review  of  the 
literature  pertinent  to  the  question  of  distinguishing 
natural  from  culturally-modified  stone  materials  will  be 
presented.  Due  to  the  unsystematic  nature  of  previous 
research,  the  literature  is  divided  into  three  approaches: 
consensus,  empi r i ca 1 /exper imenta 1  and  the  technological 
approach.  It  is  argued  that  much  past  research  has  suffered 
from  the  lack  of  a  coherent,  explicitly  outlined  research 
design.  In  the  third  chapter,  a  research  design  is  presented 
which  draws  upon  past  research  but  emphasizes  the  necessity 
for  evaluating  the  geomorphic  context  of  specimens.  In 
subsequent  chapters  three  case  studies  are  presented.  These 
case  studies  consist  of  questionable  altered  stone  materials 
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collected  from  three  widely  separated  excavation  sites.  In 
the  concluding  chapter  the  research  design  is  evaluated  in 
terms  of  its  utility  for  evaluation  of  the  case  studies,  and 
suggestions  are  presented  for  future  research.  It  is  argued 
that  the  most  relevant  area  for  future  research  lies  in  two 
areas:  1)  obtaining  a  clearer  understanding  of  the  relevant 
parameters  of  transport  in  geomorphic  environments  through 
experimentation  or  empirical  observation  and,  2)  development 
of  process  analogues  for  better  understanding  the  human 
alteration  of  stone  materials. 
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II.  Previous  Research 


A.  Introduction 

The  present  chapter  will  review  the  relevant  literature 
pertinent  to  the  problem  of  distinguishing  natural 
modifications  of  stone  from  those  due  to  human  activity.  The 
structure  of  this  chapter  will  follow  the  logical 
distinction  made  earlier  between  macromorphologi ca 1 
alterations  and  mi cromorphologi ca 1  alterations. 
Macromorphologi ca 1  alterations  were  the  subject  of  extensive 
research  during  the  latter  half  of  the  19th  century  and  the 
early  part  of  the  20th  century  when  it  was  termed  the 
"eolithic"  problem.  Much  of  current  research  into 
macromorpho 1 og i ca 1  alterations  by  natural  forces  has  not 
progressed  much  beyond  the  foundations  laid  by  earlier 
scholars.  Mi cromorphologi ca 1  research,  on  the  other  hand, 
commenced  only  during  the  early  1960's  with  the  renewed 
interest  in  obtaining  functional  information  about  stone 
tools . 

B.  Approaches  to  the  problem:  Macro-Al terat ions 

Portions  of  the  preceding  chapter  briefly  outlined  the 
nature  of  controversies  about  "eoliths"  in  both  the  New 
World  and  elsewhere.  Throughout  this  discussion  it  became 
clear  that  several  similarities  in  argument  exist  which 
serve  to  unify  the  nature  of  the  problem  throughout  the 
world  in  the  past  as  well  as  in  more  recent  research: 
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1)  In  each  area,  questionable  sites  predate  a 
specific  time  line  beyond  which  archaeological 
cultures  are  firmly  founded. 

2)  Questionable  specimens  generally  occur  in 
redeposited  contexts. 

3)  Individual  specimens  or  assemblages  are 
relatively  "crude"  in  comparison  to  the  earliest 
generally  accepted  evidence. 

Four  not  necessarily  mutually  exclusive  approaches,  or 
lines  of  argument,  have  characterized  attempts  to  evaluate 
the  status  of  various  "eolithic"  assemblages:  the  "consensus 
approach,"  the  "empirical  approach,"  the  "experimental 
approach",  and  the  "technological  approach." 

Consensus  Approach 

Perhaps  the  most  widespread  approach  to  the 
determination  of  the  artificial  or  natural  status  of 
specific  questionable  assemblages  has  been  the  consensus 
approach,  or  the  agreement  in  opinion  by  groups  of  scholars. 
Simply,  though  not  unfairly  put,  this  approach  consists  of 
groups  of  individual  scholars  examining  a  specific 
collection  and  its  context,  either  personally  or  by 
communication,  and  arriving  at  a  consensus  opinion  as  to  its 
status:  cultural  or  natural.  This  does  not,  however,  imply 
unity  in  the  discipline  as,  quite  commonly,  two-or  more 
groups  of  scholars  may  reach  quite  different  conclusions. 

Obviously,  the  validity  of  this  approach  is  dependent 
upon  1)  the  quality  of  data  presentation  and,  2)  the 
competence  of  the  individuals  comprising  the  groups  to  make 
informed  opinions  on  this  subject.  The  impact  of  this 
consensus  on  the  profession  as  a  whole  is,  however,  in 
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direct  proportion  to  the  position  and  status  within  the 
academic  community  of  the  individual  scholars  and  not 
neccesarily  proportional  to  their  competence  in  the 
particular  field  of  study. 

For  example,  it  was  consensus  opinion  by  noted 
geologists  (Sir  John  Prestwich,  and  Charles  Lyell)  from 
England  that  led,  eventually,  to  the  general  acceptance  of 
flaked  stone  from  the  Somme  River  gravels  as  being  the  work 
of  ante-diluvial  hominids  (Oakley  1972).  Similarly,  it  was 
an  agreement  in  opinion  by  a  majority  of  noted  scholars  that 
led  to  the  general  dismissal  of  the  Calico  Mountains  site  as 
valid  evidence  for  very  early  hominids  in  North  America. 

At  conferences  in  North  America,  a  not  infrequent  sight 
is  the  excavator  of  an  Early  Man  site,  armed  with  a 
briefcase  full  of  specimens,  attempting  to  rally  support  for 
the  authenticity  of  their  discovery.  This  tactic  consists  of 
trying  to  stimulate  grassroots  support  either  prior  to 
publication,  or  after  this  route  has  failed. 

Clearly,  the  solution  to  a  problem  as  complex  as  this 
cannot  be  resolved  by  personal  viewing  or  handling  of 
specimens.  If  the  authenticity  of  specimens  were  so 
compelling  as  to  convince  a  skeptic  by  visual  examination, 
then  the  problem  could  be  dispensed  with  in  short  order.  In 
large  part,  the  problem  with  the  consensus  approach  lies  its 
basic  assumption:  that  archaeologists,  as  "experts"  in  the 
study  of  material  culture,  should  be  sufficiently  competent 
to  make  informed  opinions  on  the  artificial  status  of  a 
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given  assemblage  of  questionable  flaked  stone.  The  fact 
remains  that  the  majority  of  archaeologists  lack  the 
requisite  training  to  make  a  reasoned  judgement  on  the  basis 
of  a  limited  visual  or  tactile  impression,  if  indeed  this  is 
ever  possible  in  marginal  cases.  Nevertheless,  a  number  of 
sites,  particularly  in  the  New  World,  have  had  dark  and 
ominous  clouds  cast  over  them  on  just  these  grounds  (e.g.. 
Calico  Mountains,  Texas  Street,  El  Bosque).  On  the  other 
hand,  excavators  of  these  potentially  important  sites  have 
consistently  failed  to  publish  detailed  documentation  of 
their  specimens  and  their  contexts  (see  however,  Meadowcroft 
Rockshelter,  Adovasio,  et  al .  1977,  1978).  More  importantly, 
few  scholars  on  either  the  pro  or  con  side  attempt  to 
approach  the  problem  from  the  framework  of  presenting  for 
testing  a  series  of  multiple  working  hypotheses.  It  may  be 
that  there  exists  such  an  ideological  split  that  neither 
side  is  willing  to  provide  fuel  for  the  alternative 
pos i t i on . 

C.  The  Empirical  Approach 

With  the  claims  for  an  "Eolithic"  technological  stage 
during  the  latter  part  of  the  19th  century,  archaeologists 
were  presented  with  a  very  complex  problem.  On  the  one  hand, 
the  proposed  collections  of  human  1 y- f 1 aked  stone  were 
recovered  from  what  were  identified  as  Pliocene  or  Miocene 
deposits,  earlier  than  the  accepted  existence  of  hominids 
anywhere:  in  addition,  the  specimens  were  exceedingly  crude 
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by  Paleolithic  standards.  On  the  other  hand,  there  existed 
little  experimental  or  empirical  evidence  regarding  the  role 
of  natural  processes  in  flaking  flint  with  which  to  evaluate 
these  claims.  Faced  with  this  dilemma,  prehistorians 
interested  in  the  question  of  Early  Man  undertook  an 
extensive  program  of  empirical  and  experimental  research 
into  human  and  natural  fracturing  of  stone. 

Much  of  the  empirical  research,  for  reasons  to  be 
explained  later,  has  been  of  small  utility  on  other  than  a 
heuristic  level.  Thus,  although  there  now  exist  many 
observations  of  natural  flaking  processes  or  their  products, 
it  is  difficult  to  use  these  observations  to  make  sense  out 
of  questionable  early  assemblages.  There  has  been  only  one 
attempt  (Barnes  1939)  to  pull  together  these  varied 
observations  into  a  coherent,  empirically  verified 
framework.  Due  to  the  extreme  significance  that  the  "Barnes 
method"  has  had  in  eolithic  studies,  this  subject  will  be 
discussed  at  length  below. 

The  primary  contribution  of  empirical  studies  of 
natural  fracture  processes  was  the  recognition  that  natural 
processes  could,  in  fact,  produce  stone  flakes  and,  in  some 
cases,  these  naturally  broken  specimens  mimicked  hominid 
handicraft.  Within  the  context  of  the  Eolithic  dispute,  it 
was  the  "con"  side  that  produced  irrefutable  specimens  of 
natura 1 ly- fractured  stone  (cf.  Breui 1  1910,  Rutot  1902, 
Warren  1905).  These  well  documented  studies,  although  not 
disproving  the  status  of  eolithic  specimens  championed  by 
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Moir  (1919)  and  others,  cast  sufficient  doubt  on  the  issue 
to  Keep  it  beclouded  for  years. 

D.  The  Barnes  Criteria  for  Human  Workmanship 

In  the  literature  critical  of  proposed  early  sites  in 
the  New  World,  the  most  often  cited  study  of  natural 
fracturing  is  that  of  A.  Barnes  (1939).  Essentially,  Barnes' 
goal  was  to  set  up  an  objective,  measurable  index  that  would 
faithfully  segregate  populations  of  human  1 y- f 1 aked  stone 
from  that  flaked  by  nature  (either  pressure  or  percussion). 
Barnes  set  up  his  study  by  contrasting  human  and  natural 
flaking  in  terms  of  the  degree  of  control  over  fracture 
variables  based  on  the  premise  that  human  work  represents 
controlled  fracture  while  natural  flaking  is  uncontrolled,  a 
distinction  originally  made  by  Warren  (1905).  Barnes  quite 
rightly  reasoned  that  a  prime  variable  involved  in  the 
controlled  removal  of  flakes  is  the  angle  between  the 
platform  and  the  core  face.  In  percussion  flaking,  acute 
angles  are  an  essential  ingredient  for  most  controlled 
flaking.  From  this  observation,  Barnes  reasoned  that 
collections  of  flaked  stone  "...may  be  considered  to  be  of 
human  origin  if  not  more  than  25%  of  the  angles 
platform-scar  are  obtuse..."  (ibid:  111).  This  seemingly 
arbitrary  cutoff  point  was  arrived  at  by  comparing  the 
angles  platform-scar  values  from  collections  of 
humanly- flaked  artifacts  with  specimens  broken  in  situations 
of  uncontrolled  fracture  (e.g.,  beneath  the  wheels  of 
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vehicles),  and  with  collections  of  eoliths.  In  the  latter 
two  populations,  the  angles  platform-scar  values  were 
consistently  and  significantly  different  (more  obtuse)  by  at 
least  one  standard  deviation  than  examples  of  human  work. 

Payen  (n.d.,  Taylor  and  Payen  1979)  has  recently 
attempted  to  provide  further  empirical  support  for  Barnes' 
generalization.  Payen' s  study  involved  the  collection  of 
naturally  fractured  specimens  from  a  number  of  different 
local itites,  as  well  as  conducting  a  series  of  experiments 
to  fracture  rocks  in  uncontrolled  fracture  environments.  His 
study  provides  strikingly  similar  results  to  those  obtained 
by  Barnes  (1939).  Based  on  his  results,  Taylor  and  Payen 
(1979)  published  an  evaluation  of  the  stone  specimens  from 
the  Calico  Hills  site.  As  specimens  from  Calico  Hills 
exceeded  the  25%  cutoff  for  obtuse-angled  flake  scars,  the 
authors  concluded  that  stone  clasts  from  the  site  were,  in 
all  probability,  natural  in  origin. 

The  simplicity  and  i nter sub ject i vi ty  of  the  Barnes 
method  has  encouraged  others  to  use  the  technique  when 
evaluating  questionable  sites.  Ascher  and  Ascher  (1965) 
applied  the  method  to  specimens  attributed  to  the  Talchaco 
complex  in  Arizona.  In  their  opinion,  the  Barnes  technique 
successfully  distinguished  a  collection  of  mixed  surface 
specimens  into  populations  fractured  by  nature  from  those 
fractured  by  hominids.  Unfortunately,  these  authors  made  the 
initial  segregation  of  specimens  on  the  basis  of  other 
criteria,  a  logical  error  discussed  further  below. 
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More  recently,  Bleed  (1977)  modified  the  Barnes  method 
to  objectively  assess  stone  flakes  from  the  Sozudai  site, 
Japan.  Instead  of  measuring  the  angles  of  flake  scars  as 
Barnes  (1939)  outlined.  Bleed  measured  the  complimentary 
angle  on  the  flakes  (Wilmsen's  1970  Beta  angle).  In  Bleed's 
opinion,  the  range  of  values  obtained  from  the  flakes 
indicate  that  hominids  were  responsible  for  their  production 
as  they  conform  to  espected  values  for  human  industries  from 
the  Barnes  index. 

E.  Problems  With  the  Barnes  Method 

In  a  field  as  rife  with  controversy  as  that  of  Early 
Man  studies  in  the  New  World,  where  opinion  often  outstrips 
analysis,  an  objective  method  for  evaluating  questionable 
sites  such  as  the  Barnes  method  would  seem  to  be  a  cure  for 
the  ills  of  the  field.  However,  certain  criticisms  of  the 
method  have  been  raised.  These  criticisms  make  it  unlikely 
that  the  Barnes  method  will  ever  achieve  the  status  of  a 
discriminating  technique  which  is  applicable  in  all  places 
at  all  t imes . 

Speth  (1972)  argues  that  when  dealing  with  as  complex  a 
phenomenon  as  stone  fracture,  concentration  upon  a  single 
attribute  could  be  dangerously  misleading.  However,  this 
criticism  would  be  valid  only  if  the  method  remained 
unsubstantiated  by  any  particular  body  of  empirical  data. 
More  serious  are  several  criticisms  outlined  below  that  have 
to  do  with  the  logical  structure  of  the  Barnes  method. 
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Essentially,  the  Barnes  method  represents  an  empirical 
generalization,  that  is,  a  summary  statement  based  on 
observed  patterns  in  sets  of  empirical  data  (Reynolds  1971). 
The  explanation  for  the  relationships  observed  in  the  data 
resides  in  the  postulated  differences  between  controlled  and 
uncontrolled  fracture.  The  relationship  between  data  sets  is 
not  subject  to  question,  only  to  further  verification.  The 
real  problem  lies  in  the  postulated  relationship  between 
uncontrolled  fracture  and  human  versus  natural  fracture. 

That  the  human  fracture  of  stone  is  not  always 
controlled  in  Barnes's  sense  has  been  illustrated  by  White's 
(1967)  study  of  aboriginal  stoneworking  techniques  in  New 
Guinea.  In  this  instance  stone  was  reduced  to  angular 
fragments  by  simply  throwing  one  large  nodule  onto  another. 
Similar  practices  have  been  observed  among  Australian 
aborigines.  Although  no  analysis  of  flaking  angles  have  been 
published  from  these  studies,  it  is  most  probable  that 
ranges  of  values  for  these  attributes  would  conform  to  the 
uncontrolled,  or  natural  fracture  model. 

On  the  other  hand,  it  is  relatively  easy  to  demonstrate 
the  existence  of  certain  stone  reduction  strategies  where 
the  resultant  by-products  are  characteristically  steep  or 
obtuse-angled.  For  example,  aboriginal  craf tspersons 
characteristically  reduced  rounded  quartzite  cobbles  and 
pebbles  with  various  bipolar  reduction  strategies.  These 
stoneworkers  readily  manipulated  radial  fracture  principles 
(Bonnichsen  1977)  that  invariably  yielded  obtuse-angled 
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by-products.  The  well-known  blade  industries  in  Europe  were 
predicated  on  the  attainment  and  manipulation  of 
steep-angled  core  faces  with  resultant  steep-angled 
debi tage . 

Clearly,  Barnes's  (1939)  concept  of  controlled  fracture 
cannot  be  extended  to  all  known  hominid  strategies  of  stone 
tool  production.  Rather,  his  method  is  only  verified  for 
those  stone  industries  from  which  it  was  drawn,  primarily 
Acheulean  and  Mouster i an .  However,  the  method  could 
logically  be  extended  to  most  other  stoneworking  strategies 
where  cone  fracture  techniques  and  bifacial  flaking 
predomi nate . 

Uncontrolled  fracture,  either  natural  or  experimental, 
was  found  by  Barnes  (1939),  and  later  verified  by  Taylor  and 
Payen  (1979)  to  yield  obtuse  angles  platform-scar  values  in 
at  least  25%  of  the  examples.  Mean  values  obtained  from 
these  data  range  between  84  degrees  and  99  degrees  for 
various  sample  lots.  As  a  f 1 i ntknapper ,  this  distribution  of 
values  is  contrary  to  experience  (see  also  Patterson  n.d.). 
The  reason  human  beings  utilizing  cone  fracture  principles 
generally  impact  upon  acute-angled  core  faces  is  because 
this  is  the  easiest  means  of  reducing  a  core.  With  only  a 
hand  held  impactor  it  is  difficult  to  drive  off  flakes,  let 
alone  control  their  morphology,  from  obtuse-angled  core 
faces.  Therefore,  if  the  responsible  mechanical  principles 
operate  at  all  times,  why  should  natural  forces  be  immune? 
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The  data  on  uncontrolled  fracture  presented  by  Taylor 
and  Payen  (1979)  and  Barnes  (1939)  can  be  explained  by 
examining  the  force  levels  represented  by  the  natural  and 
experimental  environments  from  which  their  specimens  were 
collected.  The  only  way  in  which  hominids  are  able  to 
manipulate  radial  fracture  techniques  is  either  by  throwing 
a  large  rock  onto  another,  which  is  fixed  upon  an  anvil,  or 
by  using  a  sufficiently  small  pebble  on  an  anvil.  Thus, 
variables  such  as  force  and  size  of  the  impactor  relative  to 
the  impacted  clast  are  crucial  and,  beyond  a  theoretical 
threshold,  the  angle  of  the  impact  area  relative  to  the  core 
face  is  not  important. 

Therefore,  in  natural  environments  where  energy  levels 
greatly  exceed  the  threshold  failure  limit  of  particular 
stone  clasts,  fracture  can  occur  regardless  of  the  angles 
presented  by  impacted  clasts.  This  postulate  is  verified  by 
experimental  and  natural  contexts  from  which  Barnes  (1939) 
and  Payen  (Taylor  and  Payen  1979,  Payen  n.d.)  selected 
specimens.  These  fracturing  environments  include:  glacial 
deposits  (Barnes  1939,  Taylor  and  Payen  1979),  collapsed 
beds  (Barnes  1939,  Taylor  and  Payen  1979),  roadways 
travelled  by  heavy  vehicles  (Barnes  1939,  Taylor  and  Payen 
1979),  dropping  50  lb  weights  onto  chert  nodules  (Taylor  and 
Payen  1979),  and  crushing  with  an  eight  ton  road  grader 
(Taylor  and  Payen  1979).  Clearly,  in  these  situations  the 
internal  strength  of  the  rocks  is  greatly  exceeded  and  the 
angle  of  fracture  will  depend  upon  the  availability  of 
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angles  of  different  degrees  and  the  specific  area  impacted. 
In  natural  environments  where  available  energy  exceeds  this 
theoretical  threshold  value  then  Barnes's  axiom  will 
probably  hold  true. 

Most  natural  processes  probably  do  not  exceed  this 
threshold  with  great  regularity.  Fluvial  processes  certainly 
would  not  fit  this  pattern.  Fluvial  environments  are 
characterized  by  a  wide  range  of  energy  levels  both 
seasonally  and  longitudinally  along  their  course.  Flowever , 
other  than  waterfalls,  it  is  unlikely  that  anywhere  along 
their  course  would  they  regularly  exceed  threshold  strength 
levels  for  most  rocks.  Similarly,  various  soil  creep 
processes  probably  do  not  exceed  these  limits.  Under  these 
conditions,  when  and  if  macromorphologi ca 1  alterations 
occur,  they  should  conform  more  closely  to  the  controlled 
fracture  situation  (i.e.,  less  than  25%  obtuse-angled 
removals).  Thus,  Barnes's  (1939)  criteria  for  distinguishing 
natural  from  human  1 y- f 1 aked  stone  cannot  be  applied  across 
the  board,  at  least  not  without  further  empirical  data  from 
environments  of  alteration  not  characterized  by  energy 
extremes . 

A  further  impediment  to  the  uncritical  application  of 
the  Barnes  method  lies  in  the  inherent  assumption  by  most 
workers  that  a  particular  collection  of  flaked  stone  will  be 
either  natural  or  human  in  origin.  It  is  entirely  possible 
that  certain  redeposited  sites  may  contain  specimens 
fractured  by  both  natural  and  human  agencies.  In  a  mixed 
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situation  like  this,  where  populations  of  specimens  produced 
by  one  process  greatly  outnumber  the  other,  the  Barnes 
method  would  simply  recognize  the  more  dominant  population. 
Without  some  independent  means  of  segregating  populations  of 
artifacts  from  naturefacts,  the  Barnes  method  would  possibly 
mask  the  presence  of  independent  populations.  Thus,  at  a 
site  such  as  Calico,  where  natural  processes  have  surely 
produced  a  significant  portion  of  the  fractured  stone  in  the 
deposits,  it  is  inappropriate  to  adopt  a  single  variable 
approach  like  the  Barnes  method  as  Taylor  and  Payen  (1978) 
have  done  to  evaluate  as  complex  a  question  as  natural 
versus  human  fracturing.  In  order  to  resolve  the  origin  of 
questionable  assemblages  a  method  of-  multiple  working 
hypotheses  must  be  adopted  that  includes  consideration  of 
both  natural  and  human  origins. 

F.  Statistical  and  Population  Arguments 

A  commonly  heard  assertion  against  acceptance  of  many 
proposed  early  sites  in  redeposited  contexts  is  that  the 
excavator  has  failed  to  collect  a  truly  representative 
sample  of  clasts  from  the  site  and  simply  selected  a  small 
number  of  specimens  that,  by  chance,  resemble  artifacts, 
from  the  total  range  of  variability  in  clast  morphology 
(Comments  in  Cole  and  Godfrey  1976).  Duvall  and  Veneer 
(1979)  term  this  practice  "form  selection,"  defined  as 
"...the  selection  of  naturally  fractured  lithics  that 
resemble  man-made  tools  and  therefore  create  a  biased  sample 


*  t 


T  •■*  -■ 


e  J i  -  -it idl  ;. '  f- 1 •  ‘t*.-  ^ c  '•  i*-; ■  ■ ' " ' •  '■ " '  ’ 


lI  ■ 


\  I  ;  . 

U 

« 


:  *  "  ■( 


Vi  /  4/ / 'vV^*''%jjj|  ir  i:J  • •  ,  ■ , 


:  1  Wf ’VvV  '>  ::'a->  'iv.  ,  .  *721 

•*  -  jt  ■ 

tR,—  »*y 

fr  iihr*  t  :  ^.':ti 


'•  •  ^.•  ,rj , 

-r?  *  arf 


.  i') 


C’  '  ■  I  * 

j  r.‘ t.vr.  ''♦  -kwiif'  ..  •  j  i  I 


1-  *•. 


.it 


i.,#. 


tn  '  u(’, 


I .  . 


'  » 


.41  .;-•£  V#.  .  l4!  ‘  ■  *t  ’  '  ^»4F.  • 


'•,!,  •*•  I ‘-’^ '■  "J/V^  j  -.  I -fc.^  '  '^rl 


V 

-  *1 


^,4. 


A  .J  •*:  '■ 


3r'  T'^i.T-*''^.  f‘ 


.  I  , 


4*  .).?■« 

■JRI, 


?  '<- '  .  i  V 


'■t.  .^■ 
•  ./■ 


%  ,1 

P-  '  \ 


I  ?  1 

.  y 


4  ".  •:-^  'i 

X 


^  .  j 


f* 


'  * 


*i. 


P 


-  ■'■  .  '  • 

■'..'■'i  ■T>*^’*vs 


•? 


>  •» 


i-Sw  .,  v*--  -  ‘ 

■^*5*  '*?“  *  4  * '  ' 

.-(  -ii.,  , 

L  v  S'  ■■-  r-'>  1,^-^  *  ■  ;  "  , 

*.‘’‘’  4;’'  '  i-  1^0  .'■ '  f.  .;  I  r,*?-;  ‘-..vj  f y 

I  -  ■'  ■  ■  »>..<*  *r 

t  rf »  _r  ? 


•  i/j- )  - 

,■  •  *^ .  >"■■*  A 


V"te  iii  dm**. 


3(1 


t.‘  ■  .ia.j2ai  . . 

=,  i  'ifll’  v  Sfllr-  fonigt 

i  i’*  ^ 

,  i  J  ** 


1  .*4 


■  K> 


<  ^  V  ‘ 

■  V  4 


kL  ■* 


jM* 

^  a 


ry. 

*’  \*i*  Ali* 


K 

‘  I 


ir«( 


*M 


I  *  '-i  '•  I..V  ,/ 


. *  - 

•< 


>  -.j?'  v>  -o-  '  •■  ,  ,  .,.'  , 

'  , .  ...  ^ ..-t-. ':.  ,  K-':1 

r.». ..■.-  |k  •,  -v  •  '•• 

i^.'St,*:  /■  '  ■  fi^uiai 


1  e 


•  .V  ■'  -  -.  •>  ^  '“• 


I  ?■ 


35 


of  lithics  from  the  total  population  of  naturally  fractured 
lithics  at  the  site(p.  455)." 

As  Patterson  (n.d.)  points  out,  this  reasoning  "...  is 
based  on  the  assumption  that  if  nature  breaks  enough  rock, 
significant  amounts  of  specimens  resembling  man-made  objects 
can  be  produced  (p.4)."  In  Patterson's  (n.d.)  opinion  this 
is  an  unconfirmed  assumption.  As  he  goes  on  to  point  out,  if 
there  are  great  quantities  of  rock  in  the  deposits  then  it 
becomes  a  matter  of  practicality  to  invoke  initial  screening 
procedures  to  select  only  those  specimens  that  may  be 
man-made . 

Clearly,  if  subsequent  analyses  are  to  be  framed  in 
terms  of  statistical  comparisons  of  either  attributes  or 
specimens,  then  at  least  control  samples  encompassing  the 
total  range  of  natural  variability  must  be  collected.  This 
kind  of  methodology  was  employed  by  excavators  at  the  Calico 
Hills  site,  as  well  as  in  the  case  studies  in  the  present 
study . 

Duvall  and  Veneer's  (1979)  study  has  been  justifiably 
criticized  on  several  grounds  that  have  significance  for  the 
design  of  tests  to  distinguish  homi ni d- fractured  from 
naturally-fractured  stone.  The  first  issue  revolves  around 
the  selection  of  attributes  of  broken  stones  with  which  to 
compare  populations.  The  second  issue  involves  the  question 
of  what  populations  of  "other"  specimens  should  questionable 
specimens  be  compared  to.  A  final  issue  can  be  raised 
regarding  the  image  of  ranges  of  specimens  along  some 


I* 


"  ¥  <  '  •  K  -'n  i.  :  ••  ^  :■  .•  L' ;  ‘5 


i^v^-  V  if* 

r:;L  V-  . . 


•  ( ■ 


f  '  » 


»  oinff! 


IT 


'it- 


.  • .  . 

ST  f 


4.i# 


_•  <- 


'  »  .X'  L 


'■n 

0 


,W  • '■'!«»  fsf’u"  ■  3  '  lit  “  n  '>?i7^*»'-;na 

j  T’  *  '  ■’ 


.V 

•  iWUc 


("■ ; 


«u»  . ' .  ' 


/•■•-•t-  ^’'•r' )*^4^  ..m-.  f f.? 


i 


^J3  *  - 

%i  '^1.  .  ■^:»t  ' 


iiift  V.,*' ' 


•  f  ’  »c.» 


‘■•i' 


%i 


.1  'k 
t 


jSti 


•'.r 

'  I 


♦It;# 


1'  $ 


iir  •  ' 


«>  »•  » 
/ 


) 


i  *:Vr^4  •  *'i .  r  ^  1  •  f'  irv  t  i.- 

*  -  T  *  ^ 


^  TOflf 
'ior-J 

■  ,*;0 
•»  ■••  ‘‘-i- 

/  •  )  <■  '- 

Za 

>a 

« 

h-  .* 

*  I  ’  I  ?  .fo  J 


- «( 


V' 


7  V  %W 


V- 


.  :» I  ' 


»?4lie 


■riAjf.  ^ 


■<»  *0,  ^  J 


f  I 


i;  I'h  na  '  •"t'^^‘' i  i'-  1 


I 


> 


I  >  1 

<  4 


*• 

-Vibiari  'ij 


-“j,,  '  "  /'■^  ,'  **f  >/  '* 

,f->r  ^  ^  .-,  ■’r*. lao/:^,  t,w 


*  i  •  T>  "| 


<P-'  •  * 


"t  •  1^  V, 


iVjHi 


K-  :^1?  ; 


^1; 

.  ■'  >  * 

V  ,'  a  tvy 


-A> 


-I 


j<:*  ''*  '  ,  ;i»  M 


^►''-  -  "M 

,'«-  »,<■■■.  --  Ji  ^ 


#  .  .  ♦  .  ¥ 


*;  %■ 


•  Sv  f 


'J>  o '»'• 


:v4i.  i,ri.u,t.  •*.-^^ 

I 

j  ‘ 


-’  i 


'  AtO 


.  .  ;ifs ''r^';..-f  r  r^.f.  '  ,1'-,.?  ^  ,  •'■^■s«-'_:  *1 


I  <1  •  .J 


1  <1  I  .  f 


f»  ;  '  * 


y^  -  *  •?  ^ 


.'.'  4  '  '  ■'  .  i  i ' 

^  Alt' 

".,  rli  i  ■  lk.:'iai*' :  ..ftfiu.2 


v'’  r. 


.'...■-!L-.' 


''  •  >« 


■  'i> 


!Sr 


36 


hypothetical  normal  curve  from  " naturef acts"  to 
"possiblefacts"  to  looK-aliKe  "artifacts". 

The  selection  of  attributes,  as  in  the  testing  of  any 
proposition,  is  crucial  if  the  results  are  to  be  meaningful 
with  respect  to  the  proposed  alternative  hypotheses.  As 
Patterson  (1979)  has  argued,  the  greater  portion  of 
attributes  selected  by  Duvall  and  Veneer  (1979)  are  among 
those  least  likely  to  be  significant  in  the  determination  of 
natural  versus  human  flaking.  These  attributes  consist 
mainly  of  those  which  describe  the  overall  geometry  or  the 
geometry  of  specified  edges  of  specimens.  In  demonstrably 
human  assemblages,  ranges  of  values  for  these  attributes  can 
be  shown  to  differ,  significantly,  as  a  function  of  cultural 
factors  (e.g.,  quarry  sites  versus  hunting  camps)  and 
characteristics  of  the  raw  materials  involved.  Clearly  these 
authors  have  chosen  to  select  those  flake  attributes 
amenable  to  facile  quantification  rather  than  grounding  the 
selection  of  attributes  in  terms  of  underlying  principles: 
specifically  the  principles  of  fracture  mechanics  and 
general  patterns  of  human  stoneworking  strategies.  Certainly 
attributes  of  flake  geometry  have  their  place  in  a 
descriptive  study  of  the  sort  undertaken  by  Duvall  and 
Veneer,  however,  not  in  a  strictly  comparative  argument  as 
the  authors  presented.  Rather,  variables  or  attributes  must 
be  consciously  weighted  in  terms  of  underlying  principles  of 


stone  fracture. 
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In  the  chapter  to  follow,  flake  attributes  that  are 
useful  in  forming  evaluative  statements  of  human  versus 
natural  fracture  are  discussed.  These  attributes  are  then 
related  to  properties  of  stone  fracture  as  discussed  by 
several  authors  (e.g.,  Speth  1972,  Bonnichsen  1977),  and  to 
the  principles  of  human  stoneworKing  ( Phagan  1976, 
Bonn i chsen  1977)  . 

Patterson  (1979)  and  Gruhn  and  Young  (1980)  have 
successfully  rebuked  Duvall  and  Veneer's  (1979)  use  of 
inferential  statistics  in  comparing  the  proposed  tools  from 
Calico  with  Paleo-Indian  flake  data  presented  by  Wi Imsen 
(1970),  and  the  Calico  site  control  group  specimens.  As 
these  critics  point  out,  whether  or  not  flake  thickness, 
length  or  width  are  statistically  different  from  that 
derived  from  classic  Paleo-Indian  sites  is  of  no  consequence 
to  the  issue  of  whether  or  not  the  Calico  specimens  are 
artifacts.  This  fundamental  problem  of  inappropriateness 
relates  to  the  problem  of  attribute  selection  discussed 
previously,  as  well  as  to  the  fact  that  the  eight 
Paleo-Indian  sites  discussed  by  Wi Imsen  (1970)  are  hardly 
representative  of  human  stone- f 1 aki ng  in  the  New  World 
during  the  last  10,000  years,  let  alone  a  much  earlier  time. 
What  then  is  the  value  or  appropriate  place  for  comparisons 
of  population  characteristics  in  tackling  the  issue  of  human 
versus  natural  flaking? 

An  obvious  solution  to  this  logical  dilemma  would  be  to 
compare  populations  of  possiblefacts  to  specimens  known  to 
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have  been  fractured  by  geological  agencies  similar  in  kind 
to  those  represented  at  the  site  in  question.  This  sort  of 
analysis  is  performed  for  specimens  at  the  Timlin  site  and 
Caribou  Island  site  (Chapter  4)  where  fracturing  can  be 
demonstrated  by  independent  means  to  have  occurred  during 
glacial  transport.  However,  it  must  be  recognized  that  this 
is  generally  a  difficult  problem  to  overcome,  as,  in  most 
instances  of  natural  fracture,  geological  processes  do  not 
leave  independent  lines  of  evidence  on  flaked  specimens. 

G.  Technological  Approach 

One  of  the  early  arguments  put  forward  by  Moir  (1912, 
1919)  for  the  artificial  status  of  English  eoliths  was  that 
morphological  "types"  could  be  isolated  in  these  collections 
and  that  they  represented  a  replicable  production  strategy. 
One  half  of  the  argument  consisted  of  simply  demonstrating 
that  hominids  could,  in  fact,  create  stone  objects  of 
similar  morphology.  To  this  end,  Moir  (1912)  performed 
replicative  experiments  demonstrating  the  way  in  which 
rostro-car i nate  implements  could  be  manufactured  using  only 
simple  stone  tools.  Given  the  state  of  knowledge  regarding 
stone  tool  manufacture  around  the  turn  of  the  century  these 
studies  were  an  essential  part  of  the  attempt  to  understand 
the  problem.  The  final  part  of  the  argument  was  that  these 
morpho- technologi ca 1  types  recurred  consistently  and  formed 
a  pattern  of  both  shape  and  technology. 
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Unfortunately,  demonstrating  how  a  particular 
'implement'  could  have  been  manufactured  by  hominids  does 
not  mean  that  hominids  actually  manufactured  such  a  'type.' 
Warren  (1921)  countered  Moir's  (1912)  claim  by  demonstrating 
how,  in  certain  natural  contexts  this  form  and  "technology" 
could  be  replicated.  At  this  point  the  argument  enters  the 
realm  of  probabilistic  assessment.  What  is  the  rate  of 
occurrence  in  a  given  locality  of  specific  "types,"  for 
instance  the  rostro-car i nate ,  in  relation  to  numbers  of 
other  clasts  of  flaKeable  stone?  Unfortunately,  these 
studies  were  never  undertaken  and  the  issue  was  left  to  be 
resolved  through  consensus. 

Clearly  though,  the  demonstration  of  how  an  implement 
could  have  been  manufactured  is  an  important  step  in 
resolving  its  artificial  or  natural  status.  Recently 
Childers  (1977)  has  succeeded  in  replicating  one  method  for 
the  production  of  what  he  calls  "ridge  back  tools,"  found  in 
the  deserts  of  southern  California.  The  technique  outlined 
by  Childers  consists  of  a  two  person  operation  using  a  large 
wooden  punch  impacted  on  a  large  stone  cobble  to  drive  large 
spalls  off  a  boulder.  This  process  functions  to  isolate  a 
platform  for  the  removal  of  a  large  flake  with  a  triangular 
cross-section.  The  end  product  lacks  morphological  features 
such  as  a  platform  and  bulb  of  percussion  that  are 
characteristic  of  most  stone  flaking.  As  this  technique  is 
extremely  dissimilar  to  typical  North  American  aboriginal 
stoneworking  techniques,  in  the  absence  of  contextual 


» . 


M  ... 


r  V  ■ 


I't 


»  •  * 


■  ■!,  '■• 

^•“5, 


i>if 


> Mht*: V ■  »i  -■  I  •  w  ■  '  ‘  *V  I* 

f-' 


I:  C.^ 


►5 


^i'  ’  ’*-■•■' 

■* 


•  7>  ,  •  'if 

■3 


■Kf 


.  ir' 


■'»-* 


.t.':^  to-  a.-**!:./  '■'  ^.y  i: 


I  r,  i 


I  (  , 


•  *  "^ei 


^i.  .!*^-»?W- 
I 


/^  :•#  ' 


;  1 


4: 


-'A 


#*  1IK>’  ^ 


;  •'- '  *, : ; .  ■  K  -jt  k  o ,  u  '  '  '?■  A \iZi  • 

u  '  '  ''  '\  »  !  f 

'\>\-'''^Jf :  ^  A  f  tii-  '  r  ;  ,  .>  ■ .  v  i  ,5''  ■  ♦ 


‘•a  4 


£ 


^  ' 


f'*'^ 


k  i 


.’Ci, 


•»  _'’  .’* 

'  1  '  “  f 


*  f  '^f. 


I 


ff-  . 


,  -  .-  'kM,!  ^I|'j!;^»rf3'''«wi^}‘,jl,  Mr  <1%  - 


fij  n*>K’'  Y-j 

»  ■'  "■  1  '  '} . 


'yi^i 


I  :■'  "i 


■»C  •  ■  >iti^'  .^ ,  f.f  I' 

I 


r  , 


t 


i  ^  ,'  ^  1  ?i  i-  M  ?;1('<l..v/’  'vtot  •  k  ,•;}%■  (iibl 


-srr.::is*r  iv-^ 

-.yi'ixt  '1  ‘.4-. 
•  ' 

«■ 

. 

♦v’lji  tifU  -i;.-  •0'i.'> 

fr  1  1 

fr-i.  1,1  "»-  ■ 

•  ^  J 

*  / 

.••  •  ,  t"  *'?  -i ?.  “  ji  :  ' , 

%  ' 

'  ■*■'  f  ^ 

IT'"-  •  A*;  .SJJ-./4'  *'•‘^^>4  - 

•  -  1 

T.  T-t_  ,.  .-r 

•  \ 

^  Y  ^  O'  V  *i^«'‘  '■'^  i 

!.1* 

'■?  '  .  ■ 

••  ’  ^  ^  ^ 

1  iTi 

J  t  j  •'•=*■*  d 

,  «  f*;  -C  t. 

1 

■  I-  *'  ‘  .“•  ^  . 

« 

*'  ■  ’^r*  *-  4  . 4  ‘ 

.1  ■  4 


^‘4'  . 


■‘‘‘  JL  • 


4J*  *  ^ 


:y  ?  ^<fc 


■•is.  -..J., 


npf* 


J2 
♦- 


'.'fe 


«'  1  ' 


iia 


4 


r  « 


40 


evidence  to  the  contrary,  an  unmodified  "ridge  back"  would 
likely  be  dismissed  as  an  artificial  specimen. 

In  a  similar  vein,  Bonnichsen  (1968)  demonstrated  a 
recurrent  pattern  of  producing  flake  geometries  on  the 
Northern  Plains  by  radially  fracturing  flakes  on  an  anvil. 
Prior  to  this  study,  broken,  angular  flake  fragments  were 
commonly  attributed  to  geological  or  accidental  biological 
breakage . 

Clearly  these  sorts  of  analyses  are  of  value  on  a 
heuristic  level.  Certainly  the  principles  involved  in  this 
form  of  reasoning  (recurrent  patterns  of  form  and 
technology)  form  the  basis  for  the  recognition  of  all 
archaeological  assemblages.  In  the  case  of  bi faci a  1 ly- f 1 aked 
implements  in  the  New  World,  it  is  both  the  almost  pedantic 
recurrence  of  form  and  technology  as  well  as  the  intuitive 
assessment  of  the  improbablity  of  a  natural  origin  (due  to 
the  expertise  required  consistently  to  produce  bifacial 
implements)  that  makes  is  possible  to  identify  a  Clovis 
point  even  in  a  redeposited  context.  Replicative  studies  of 
techniques  of  production  can,  therefore,  be  of  great  utility 
in  at  least  providing  a  sense  of  understanding  regarding  the 
steps  and  difficulty  involved  in  specific  production 
strategies , 

Attribute  Analysis  of  Manufacturing  Patterns 

The  majority  of  questionable  assemblages  of  flaked 
stone  do  not  consist  of  heavily  modified  stone  clasts. 
Rather,  these  collections  consist  primarily  of  stone  flakes. 
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flaked  nodules,  and  minimally  modified  clasts.  In  these 
situations,  a  technological  analysis  focuses  on  attributes 
of  flakes  or  flaked  nodules  that  are  characteristic  of  human 
stoneworking  and  defines  their  range  of  values  and 
occurrence  on  specimens  in  the  collection.  These  attributes 
include  platform  preparation,  numbers  and  patterns  of  dorsal 
flake  scars  for  flakes,  and  angles  directions  and  uniformity 
of  flake  scars  on  flaked  nodules.  An  assessment  of  the 
collection  can  then  be  made  on  the  basis  of  assumptions  of 
patterning  and  regularity  in  human  flaking,  and  its  absence 
in  natural  fracture  situations  (Patterson  n.d.). 

Surprisingly,  however,  few  studies  of  this  sort  exist. 
Clearly  the  documentation  of  attributes  of  stone  tool 
manufacture  should  form  the  basis  of  any  detailed  analysis 
of  a  collection  of  questionable  specimens  from  a  particular 
locality.  At  the  very  least,  this  sort  of  detailed  analyis 
would  provide  information  with  which  the  archaeological 
community  could  begin  to  make  informed  decisions. 

Patterson  (1977,  n.d.)  has  performed  preliminary 
analyses  of  manufacturing  attributes  for  the  Texas  Street 
and  Calico  Hills  collections.  Although  a  useful  first  step, 
Patterson  examined  only  small  portions  of  the  collections 
and  the  data  were  presented  only  sketchily.  In  addition, 
Patterson  (n.d.)  has  prepared  a  detailed  discussion  of  the 
significance  of  particular  attributes,  or  attribute  states, 
in  recognizing  human  modification  of  specimens  in  disturbed 
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Other  studies  pertaining  to  manufacturing  pattern 
evaluation  are  even  less  quantitative  (cf.  Witthoft  1955). 
These  studies  attempt  to  recognize  general  manufacturing 
strategies  (e.g.,  bipolar  flaking)  without  providing 
evidence  to  support  the  observations. 

H.  Evaluation  of  Micromorphologica 1  Alterations 
Introduct ion 

The  previous  chapter  has  outlined  some  of  the  problems 
encountered  with  mi cromorphologi ca 1  alterations  on  a 
macroscopic  level  which  can  imitate  either  use-wear  or  human 
retouch.  The  discussion  to  follow  will  focus  on  the 
empirical  and  experimental  work  undertaken  to  attempt  to 
resolve  this  issue.  As  will  be  shown,  the  debate  about  the 
possibility  of  distinguishing  certain  kinds  of 
micromodifications  has  resulted  in  a  methodological  split 
among  use-wear  analysts  that  will  only  be  resolved  with 
further  experimental  and  theoretical  studies.  This  split  has 
been  termed  the  "low  power  approach"  versus  the  "high  power 
approach . " 

In  a  pioneering  experimental  and  systematic  approach  to 
the  application  of  use-wear  studies  to  stone  tools,  Semenov 
(1964)  pointed  to  the  possibility  of  natural  edge  and 
surface  modifications  either  mimicking  or  obfuscating 
evidence  of  human  use-wear.  This  work  was  concerned 
primarily  with  the  observation  of  microscopic  alterations. 
Since  Semenov's  study,  which  actually  reiterated  statements 
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made  by  Warren  (1914),  several  authors  have  concerned 
themselves  with  developing  criteria  for  distinguishing  human 
from  natural  micromodifications  (cf.  Ohel  1979,  Isaac  1977, 
Keeley  1980,  Tringham,  et  al.  1974). 

The  majority  of  natural  micromodifications  (e.g., 
microflake  scars)  require  only  small  amounts  of  energy,  and 
very  little  or,  in  some  cases,  no  movement  of  clasts  (e.g., 
solution  polish).  Given  these  energy  and  movement 
parameters,  some  natural  micromodifications  should  be 
expected  at  almost  any  archaeological  site,  making  this 
field  of  study  of  extreme  importance. 

The  "High  Power"  Versus  "Low  Power"  Argument 

It  has  long  been  recognized  by  archaeologists  (cf.  Moir 
1919,  MacCurdy  1905)  that  when  human  beings  utilize  stone 
tools  to  perform  tasks  such  as  scraping,  chopping  or 
cutting,  both  microscopic  and  macroscopic  alterations  to  the 
tool  edges  and  surfaces  can  occur.  These  alterations  may 
take  the  form  of  microflaking  of  the  edge  of  the  tool,  or  a 
host  of  other  morphological  features,  including  edge  polish 
and  the  formation  of  striations  on  surfaces.  However,  it  was 
also  recognized  that  natural  agencies  could  produce  many  of 
these  same  alterations. 

With  the  emergence  of  lithic  use-wear  studies  as  a 
potent  research  field,  a  methodological  split  has  arisen, 
centered,  in  part,  around  the  issue  of  distinguishing 
natural  from  human  microalterations.  Keeley  (1974,  1980, 
Keeley  and  Newcomer  1977)  has  been  perhaps  the  most 
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persuasive  proponent  of  the  "high  power"  approach  to 
use-wear  studies.  Advocates  of  the  the  high  magnification 
approach  echo  Semenov's  (1964)  original  concern  that  a 
number  of  natural  agencies  can  produce  edge  and  surface 
alterations  morphologically  similar  to  human  alterations. 
Keeley  (1980;  29-35)  feels  that  edge  polish  and  to  a  more 

limited  extent,  striations,  provide  the  only  reliable 
indicators  of  human  utilization.  Thus,  in  his  opinion, 
analysts  who  rely  primarily  upon  low  magnification  will  be 
apt  to  misidentify  a  number  of  natural  modifications  as 
being  caused  by  human  utilization. 

Proponents  of  the  low  magnification  approach  argue  that 

their  methodology  is  both  faster  and  less  expensive  than 

primary  reliance  upon  high  magnification  observations.  They 

argue  further  that  edge  damage,  in  the  form  of  mi crof 1 aki ng , 

occurs  much  more  rapidly  than  either  polish  or  striation 

formation  and  that  specific  tasks  performed  on  materials  of 

variable  hardness  will  leave  characteristic  patterns  of  edge 

damage  (Odell  1980,  Odell  and  Odel 1  - Vereecken  1980).  To 

counter  criticisms  laid  by  proponents  of  the  high  power 

approach,  a  limited  series  of  experiments  were  undertaken  to 

replicate  the  formation  of  edge  damage  by  natural  agencies. 

These  experiments  led  Tringham,  et  al.  (1974:  191)  to  make 

the  unqualified  statement  that: 

"in  analyzing  the  lithic  material  of  a  prehistoric 
assemblage,  there  is  no  difficulty  in  distinguishing 
the  damage  resulting  from  deliberate  usage  from  that 
which  results  from  accidental  or  'natural' 
agencies . " 
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In  their  replication  of  fluvial  transport  the  authors  cited 
above  subjected  five  flint  flakes  to  vigorous  shaking  in  a 
plastic  bag  filled  with  sands,  gravels  and  water  for  one 
hour.  The  conclusions  derived  from  this  experiment  were  that 
damage  from  water  action  is  distinct  and  "...quite  unlike 
any  known  wear  pattern  (ibid.)."  Characteristics  of  this 
pattern  produced  by  'natural  forces'  are  as  follows: 

1)  Random  distribution  of  scars  along  the  entire 

f 1 ake  per i meter , 

2)  Random  orientation  of  flake  scars, 

3)  No  standardization  of  size  or  shape  of  scars. 

In  addition,  the  authors  performed  a  trampling 
experiment  in  which  flakes  were  shallowly  buried  and  the 
experimenters  jumped  and  trod  on  them  for  several  hours, 
with  the  following  results: 

1)  Random  distribution  of  scars  around  the  entire 

perimeter,  but  only  on  one  surface. 

2)  No  fixed  orientation  or  size  of  scars. 

The  identification  of  micro-alterations  that  could  only 
have  been  produced  by  human  activity  would  be  of  great 
utility  in  disputes  over  questionable  assemblages.  Polish 
(as  emphasized  by  Keeley  1980)  may  well  prove  to  be  one  of 
the  few  variables  that  can  be  confidently  assessed  (cf. 
Stapert  1976).  However,  in  the  contexts  in  which  the 
majority  of  questionable  sites  are  located,  evidence  of  edge 
polish  may  be  entirely  or  partially  obliterated.  Stone 
flakes  subjected  to  water  abrasion  can  have  their  edges 
rounded  relatively  quickly,  thus  obscuring  any  evidence  of 
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use-polish  (Appendix  I).  Thus,  although  it  may  be  possible 
to  recognize  features  altered  by  natural  agencies,  as  Keeley 
(1980:  30)  suggests,  it  is  often  impossible  to  determine  if 
prior  human  traces  have  been  subsequently  removed. 

The  criteria  developed  for  distinguishing  natural  from 
human  micromodifications  by  the  lovj  power  school  consist  of 
differences  in  the  patterning  of  morphology,  direction  and 
placement  of  mi crof 1 aki ng .  These  differences  are  based  on 
very  limited  experimentation  and  on  assumptions  of  how 
clasts  are  transported  by  natural  agencies. 

Keeley  (1980:  30)  has  criticized  the  experimental 
replication  of  fluvial  transport  undertaken  by  Tringham,  et 
al  .  (1974).  As  in  the  case  of  the  Barnes  method  discussed 
previously,  researchers  tend  to  confuse  natural  processes 
with  a  notion  of  randomness  in  force  amounts  and  placement 
of  impact  points.  However,  as  Keeley  (1980)  points  out,  the 
presence  of  water  is  not  a  sufficient  condition  for  the 
imitation  of  fluvial  transport.  As  discussed  in  Appendix  I, 
fluvial  transport  is  far  from  random  in  the  sense  used  by 
Tringham,  et  al.  (1974)  and  is  capable  of  producing  damaged 
edges  characterized  by  uniformly  spaced,  parallel, 
equal-sized  flake  scars. 

Most  archaeologists  operate  with  the  assumption  that 
natural  forces  will  produce  random  arrangements  of  edge 
damage.  In  the  majority  of  natural  environments  this  is 
probably  a  valid  assumption.  However,  around  the  turn  of  the 
century  Warren  (1905)  demonstrated  empirical  evidence  for 
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the  natural  production  of  flake  scars  on  specimens  that  were 
uniform  in  size,  orientation  and  direction,  by  sub-soil 
pressure  flaking.  However,  this  type  of  damage  may  well  be 
of  low  probability.  In  other  environments,  where  fluvial 
transport  of  clasts  has  operated,  randomness  cannot  be 
assumed.  Further,  Flenniken  and  Haggarty  (1980)  have 
observed  how  simple  trampling  of  clusters  of  flakes  can 
yield  edge  damaged  specimens  that  closely  resemble  those 
documented  from  prehistoric  assemblages. 

I.  Summary  and  Discussion 

This  chapter  outlined  three  general  approaches  to  the 
evaluation  of  macromorphologi ca 1  alterations  to  assemblages 
of  flaked  stone.  Because  of  the  lack  of  a  coherent  research 
design  for  the  evaluation  of  questionable  assemblages, 


archaeologi sts 

have 

usually  operated  by 

means 

of 

the  process 

of  consensus 

opinion.  This  approach 

has 

not 

only  been 

unproduct i ve 

but 

counterproduct i ve 

to 

the 

ultimate 

resolution  of  the  status  of  potentially  significant  sites. 

The  empi r i ca 1 /exper i menta 1  approach  has  proven  useful 
as  far  as  it  has  been  taken.  Useful  examples  of  alterations 
to  stone  clasts  have  been  described.  In  addition,  the  Barnes 
method  was  formulated  out  of  these  studies,  providing  a 
measurable  index  of,  unfortunately,  questionable  utility 
when  employed  in  isolation  without  other  analyses. 

The  technological  approach  is  promising  though  untested 
against  significant  bodies  of  data.  This  study  maintains 
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that  presentation  of  technological  data  is  a  necessary  first 
step  in  the  evaluation  of  questionable  sites. 

In  the  following  chapter  the  empi r i ca 1 /exper imenta 1  and 
techno logi cals  approach  are  synthesized  into  a  coherent 
research  design  for  the  evaluation  of  questionable 
assemblages.  These  approaches  when  combined  with  the 
contextual  parameters  of  specimens  form  a  synthetic  research 
design  with  which  meaningfully  to  evaluate  questionable 
assemblages  of  modified  stone. 


III.  Research  Design 


A.  Introduction 

Earlier  sections  outlined  the  significance  of  natural 
alterations  to  stone  clasts  for  a  series  of  archaeological 
problems.  Previous  approaches  to  the  problem  of  macro-  and 
micromorphological  alterations  were  reviewed.  In  general, 
the  majority  of  these  attempts  were  found  to  be  inadequate; 
authors  either  made  invalid  primary  assumptions  concerning 
populations  of  specimens  or  applied  faulty  and  inappropriate 
analytical  procedures.  In  the  present  chapter,  a  research 
design  is  outlined  for  the  evaluation  of  questionable  sites. 
This  design  differs  from  those  of  previous  studies  in  its 
emphasis  on  the  contextual  parameters  of  specimens  as  well 
as  a  systematic  evaluation  of  technological  aspects.  A  final 
section  discusses  evaluation  procedures  for  questionable 
s i tes . 

B.  Epistemological  Considerations 

There  is  no  difference  between  the  fracture  mechanics 
of  human  and  natural  flaking  per  se.  A  blow  of  a  given 
magnitude,  delivered  by  an  impactor,  to  a  portion  of  a 
nodule  will  produce  a  flake  of  identical  proportions  whether 
resulting  from  human  hands  or  natural  force.  A  similar  logic 
is  appropriate  to  situations  of  static  loading. 

Even  in  redeposited  contexts,  archaeologists  apparently 
have  no  difficulty  determining  that  bi f aci a  1 ly- thi nned  stone 
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specimens  are  of  human  origin.  If  a  North  American  biface  or 
Acheulean  handaxe  were  found  in  coarse  fluvial  gravels,  or 
even  glacial  till,  most  archaeologists  would  have  little 
trouble  identifying  the  agent  of  production  (e.g.,  Stapert 
1976b),  The  number  of  individual  events  represented  on  the 
specimen  (number  of  flake  scars),  the  inference  of 
intentional  shaping,  and  the  Known  difficulty,  even  for 
humans,  in  removing  long,  thin,  bi f aci a  1  - thi nni ng  flakes 
contributes  to  this  unquestioned  appraisal.  However,  this  is 
merely  a  probabilistic  assessment  based  on  empirical 
observations  of  f 1 i nt -worki ng ,  and  on  observable  patterning 
in  form  and  technology.  The  probability  of  human  alteration 
of  bi f aci a  1 1 y- thi nned  and  shaped  stone  specimens  would  be 
high.  However,  recognition  of  bi facially  worked  stone 
objects  as  definite  human  products  was  not  always  so  clear 
cut  as  evidenced  by  the  early  controversies  over  handaxes  in 
redeposited  contexts  (Oakley  1972).  Much  of  what  is 
considered  a  definite  human  product  results  from  previous 
experience  and  familiarity  with  similar  forms.  On  the  other 
hand,  the  Australian  example  has  indicated  that  even  less 
extensively  modified  stone  specimens  become  definite  human 
products  when  they  are  are  the  dominant  artifacts  in  primary 
contexts . 


At  the  other  end 

of 

the  spectrum 

are  specimens 

and 

features  that 

can 

be 

assumed,  with 

a  high  degree 

of 

probabi 1 i ty ,  to 

be  of 

natural  origin. 

These  include  frost 

spalls  and  a  variety  of  surficial  alterations  such  as  deep. 
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heavy  striations,  surface  percussion  cones  and  various 
cryoturbat i on  alterations  (i.e.,  localized  blunting  and 
polishing,  Stapert  1976). 

Between  the  ends  of  this  spectrum  lies  a  gray  area  in 
which  probabilistic  assessment  is  difficult  and  requires 
detailed  analysis  and  thoughtful  consideration  of 
alternative  modes  of  alteration.  However,  it  should  be 
possible,  where  the  appropriate  conditions  of  sample  size 
are  met,  to  evaluate  assemblages  of  flaked  stone  and  make 
assessments  regarding  their  origin  in  probabilistic  terms. 

C.  Research  Design 

Implicit  in  the  evaluation  of  questionable  sites  are 
two  primary  considerations:  the  context  of  specimens  and 
stone  artifact  technological  criteria.  In  previous  studies, 
excluding  Reeves's  (1980),  contextual  criteria  have  been 
used  to  argue  against  a  hominid  origin,  and 
techno  1 og i ca 1 / typo  log i ca 1  criteria  used  to  argue  in  its 
favor.  However,  in  order  adequately  to  assess  doubtful 
specimens,  both  contextual  and  technological  criteria  must 
be  considered  from  an  objective  perspective.  Only  then  will 
it  be  possible  to  carry  out  a  probabilistic  assessment.  The 
primary  aspects  of  this  research  design  will  be  discussed 
first.  A  more  expanded  discussion  is  presented  later  in  this 
chapter . 

There  are  three  primary  components  to  the  research 
design  outlined  in  Figure  1:  data  recovery  decisions. 
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evaluation  of  contextual  parameters,  and  technological 
evaluation.  The  first  component,  data  recovery  decisions, 
will  determine  in  part  the  nature  of  subsequent  analyses 
that  can  be  carried  out.  Contextual  evaluation  provides  the 
starting  point  for  hypothesis  formulation  regarding  the 
nature  and  extent  of  natural  alterations.  Technological 
evaluation  involves  the  observation  of  the  alterations  to 
stone  specimens.  From  these  evaluations,  assessment  is 
carried  out  with  respect  to  the  fit  between  formulated 
hypotheses  and  results  from  the  analyzed  data. 

A  degree  of  feedback  exists  between  all  components  of 
the  research  design.  Data  recovery  decisions  made  at  the 
beginning  of  excavation  must  often  be  mitigated  in  light  of 
hypotheses  generated  from  the  other  components  (see  Chapter 
4  and  5).  Thus,  for  example,  additional  natural  processes 
may  be  inferred  from  the  contextual  evaluation.  This  may 
entail  collection  of  non-ar t i f actua 1  specimens  from  the  site 
deposits.  A  similar  strategy  was  employed  in  the  Calico 
Hills  project  (Simpson,  et  al.,  1978).  Hypotheses  generated 
from  the  contextual  or  technological  evaluation  may  require 
off-site  data  collection.  In  this  case,  either  experimental 
data  collection  or  recovery  of  materials  from  similar 
environmental  contexts  may  be  required  (see  Chapter  4). 

In  most  previous  cases,  data  collection  has  proceeded 
in  the  absence  of  an  explicit  research  design.  This  has  left 
many  site  analyses/evaluations  open  to  the  criticisms 
outlined  in  Chapter  2:  that  the  excavators  have  merely 
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Research  Design  for  the  Evaluation  of  Flaked 
Stone  Objects  in  Secondary  Context 
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Research  design  for  the  evaluation  of  flaked 
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selected  end-members  of  a  continuum  of  natural  fracture 
products.  In  addition,  unsystematic  data  collection 
precludes  many  potentially  important  comparative  analyses 
(see  Chapter  6}  and,  hence,  weakens  the  conclusions  that  can 
be  drawn  from  them. 

Contextual  evaluation  influences  data  recovery 
decisions  and  the  nature  of  data  observation  in 
technological  evaluation.  This  is  because  hypothesis 
formulation  stems  from  the  evaluation  of  the  contextual 
parameters  of  specimens.  As  an  example,  for  specimens 
collected  from  areas  characterized  by  extreme  temperature 
ranges,  spalling  of  clasts  by  freeze- thaw  action  may  be  an 
appropriate  working  hypothesis.  This  hypothesis  can  then  be 
tested  against  the  data.  Additionally,  this  hypothesis,  if 
substantiated,  may  require  placing  lower  confidence  limits 
on  certain  technological  attributes  (e.g.,  dorsal  surface 
scars).  Alternatively,  certain  alteration  products  may  be 
deemed  to  be  anomalous  from  the  standpoint  of  the  contextual 
evaluation.  This  may  require  additional  contextual 
evaluation  or  strengthen  the  alternative  hypothesis  of  a 
human  origin  for  the  specimens. 

Technological  evaluation  consists  of  observation  of 
alteration  attributes  on  specimens  that  are  characteristic 
of  human  stoneworking  but  not  mutually  exclusive  of  natural 
alterations.  In  this  evaluation,  close  interplay  must  exist 
with  hypotheses  concerning  natural  alterations  generated 
from  the  contextual  analysis.  The  contextual  evaluation 
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provides  a  basis  for  placing  confidence  limits  on 
observations  from  the  technological  evaluation. 

The  preceding  discussion  has  served  to  outline  the 
primary  components  of  the  research  design  and  their 
interrelationships.  The  individual  components  are  expanded 
more  fully  in  following  sections. 

D.  Collection  Procedures 

Collection  methodology  is  extremely  important  to  the 
resolution  of  the  artifactual  status  of  a  collection  of 
altered  stone  specimens.  If  a  case  is  to  be  made  for  the 
artificial  status  of  altered  stone  clasts  in  a  secondary 
context,  it  must  be  demonstrated  that  the  specimens  are 
anomalous  products  for  their  reconstructed  geomorphic 
context.  This  case  can  only  be  made  if,  1)  samples  of  known 
natural  alteration  products  are  systematically  collected 
from  the  site  deposits  or,  2)  specimens  can  be  compared  with 
relevant  published  or  experimental  studies. 

Arguments  against  the  procedure  outlined  above  are  that 
it  is  too  expensive  and  time-consuming  in  terms  of  field  and 
laboratory  work  (Patterson  n.d.).  However,  collection 
procedures  for  artifacts  as  well  as  geofacts  can  be 
implemented  in  terms  of  an  overall  research  design.  For 
example,  if  in  the  deposits  of  a  site  the  great  majority  of 
specimens  are  angular  or  rounded  unflaked  clasts,  then  only 
a  small  representative  sample  may  need  to  be  collected.  In 
this  instance,  the  relevant  information  to  be  gained  from 
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the  analysis  of  naturally  altered  clasts  might  be  only  a 
description  of  the  size  range  of  clasts  (for  comparison  with 


suspected  human 

f 1 aKes ) , 

and  the  relative 

abundance 

of 

particular  size 

c 1  asses 

or  lithologies  in  the  depos 

its. 

However,  in  situations  where  there  exists  an 

abundance 

of 

flaKed  nodules 

and 

flaKes,  in-field 

segregat ion 

i  s 

dangerous ,  and  a 

large 

sample  should  be 

col lected 

for 

comparative  purposes. 


E.  Contextual  Analysis 

Contextual  here  refers  to  the  reconstructed  geomorphic 
and  weathering  environment  in  which  specimens  were  located 
and  underwent  transport  or  disaggregation.  From  this 
analysis,  an  appreciation  can  be  gained  for  the  potential  of 
various  Kinds  of  macro-  and  mi cromorphologi ca 1  alterations. 
This  can  be  achieved  by  a  consideration  of  models  of 
particle  transport  via  various  geomorphic  processes,  as  well 
as  those  alteration  mechanisms  that  do  not  necessarily 
include  significant  transport  (  i  . e^  phys i ca 1  weathering). 

The  underlying  rationale  for  carrying  out  a  contextual 
analysis  is  that  not  all-  geomorphic  processes  transport 
specimens  in  the  same  way.  Various  processes  can  selectively 
bias  the  representation  of  certain  size  classes  (ShacKley 
1978,  Isaac  1967),  or  lithologies.  In  addition,  the  Kinds  of 
alterations  characteristic  of  particular  environments  can  be 
rather  different  due  to  the  manner  in  which  specimens  are 
transported.  For  instance,  in  a  fluvial  environment,  the 
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nature  of  particle  movement  and,  hence,  damage,  is  in  large 
part  dependent  upon  size  and  to  a  lesser  extent,  shape 
characteristics.  Further,  the  amounts  and  distribution  of 
energy  available  in  particular  environments  differs  greatly 
and  will  therefore  affect  the  nature  and  kinds  of 
alterations  to  specimens. 

Energy  levels  can  be  thought  of  in  terms  of  the 
competence  of  natural  environments  to  produce  given 
alteration  types.  Figure  2  depicts  a  hypothetical  continuum 
of  transport  energy  in  geomorphic  environments.  Environments 
below  the  hypothetical  dashed  line  are  primarily  involved  in 
producing  mi cromorphologi ca 1  alterations  to  stone  clasts  and 
artifacts.  Those  above  the  line  are  involved  in  producing 
both  macro-  and  mi cromorphologi ca 1  alterations.  The 
transport  energy,  and  hence  the  competence,  of  a  given 
alteration  environment  will  determine  the  range  of 
alterations  produced  in  terms  of  size  and  morphological 
character i s  t i cs . 

The  empirical  data  upon  which  Barnes  (1939)  formulated 
his  criteria  as  well  as  the  later  study  undertaken  by  Taylor 
and  Payen  (1979)  was  derived  from  specimens  fractured  in 
environments  located  above  the  line  on  Figure  2.  These 
environments  are  characterized  locally  by  abundant  available 
energy  greater  than  that  required  for  clast  failure.  Thus 
the  large  percentage  of  obtuse  angled  flake  removals, 
seemingly  anomalous  from  a  f 1 i ntknapper ' s  perspective,  makes 
sense  when  considering  forces  beyond  those  capable  of  being 
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produced  by  human  hand-held  percussion.  However,  from  the 
perspective  of  fracture  mechanics  one  would  still  expect  a 
greater  proportion  of  acute  angled  removals  because  this 
constitutes  the  more  easily  failed  surface.  This  latter 
problem  becomes  clear  when  considering  the  surface  area 
available  on  nodule  surfaces  compared  to  the  available  area 
of  acute-angled  edges.  If  clast  on  clast  impingement  is  a 
stochastic  phenomenon,  then  probabilistically,  a  higher 
percentage  of  contacts  between  clasts  will  occur  on 
obtuse-angled  surfaces.  In  addition,  it  would  seem 
reasonable  that  under  conditions  of  static  loading  a  clast 
impinging  on  another's  edge  would  often  accommodate  the 
stress  by  slipping  rather  than  failing. 

When  considering  other  fracturing  environments  where 
either  available  energy  is  greatly  reduced  (e.g., 
sol i f 1 uct i on ,  fluvial  transport)  or  the  impact  is  dynamic 
(e.g.,  mudflows),  quite  different  results  can  be  expected. 
In  fluvial  environments,  due  to,  in  most  cases,  markedly 
reduced  energy,  fracturing  should  be  greatly  reduced  in 
terms  of  the  size  of  the  flake  removals,  and  controlled  to  a 
much  greater  degree  by  the  angles  available  on  the 
specimens.  If  the  above  reasoning  is  valid,  it  should  be 
possible  to  construct  models  of  alteration  environments  that 
predict  the  expectable  kinds  of  alterations  to  stone  clasts 
given  the  amount  of  available  energy  and  the  nature  of  the 
impacts.  A  tentative  theoretical  construction  is  presented 


in  Table  1 . 
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Table  1 


Predictions  of  Alterations  in  Natural  Environments 
High  energy  Static  loading 

(e.g.,  pressure  of  thick  overlying  beds,  glacial  transport) 

Macro-a 1  ter at  ions 

1.  High  angle  flake  removals 

2.  Abrupt  terminations 

3.  Wide  range  of  size  classes 

Mi cr o -a  1  ter at  ions 


1 . 

Str i at  ions 

2. 

Pressure  cones 

3. 

Edge  and  ridge  crushing 

4. 

Edge  and  ridge  mi cro- f 1 aki ng 

Low  energy 

Static  loading 

(e.g.,  cryoturbat ion , 

sol i f luction) 

Macrc 

»“al  terations 

1.  rare,  few  obtuse-angle  removals 
Micro-al ter at  ions 


1  . 

str i at  ions 

2. 

pressure  cones 

3. 

edge  and  ridge  crushing 

4. 

edge  and  ridge  mi cro-f 1 aki ng ,  sometimes 

patterned 

Note 

:  These  predictions  are  hypothetical  in 

the  sense 

they  are  derived  predominantly  from  empirical 
observation  and  theoretical  considerations. 

Much  more  experimental  research  is  needed 
before  they  can  be  considered  truly  "predictive". 
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High  energy 


Dynamic  loading 


( e .g . ,  mudf lows ) 

fViacro-a  1  terat  ions 

1.  wide  range  of  size  classes 

2.  obtuse  and  acute-angled  removals 

3.  abrupt  terminations 

Micro-alterations 
1  .  percussion  cones 

2.  edge  and  ridge  crushing 

3.  random  edge  and  ridge  mi cro~ f 1 aKi ng 


Low  energy 


Dynamic  loading 


(fluvial  environments) 


Macro- a  1 terat ions 

1.  rare,  acute  when  present 

2.  edge  and  ridge  rounding 

3.  extensive  edge  micro-flaking 

4.  more  limited  ridge  mi cro- f 1 aki ng 

5.  occasional  striations 
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Several  authors  have  advocated  or  undertaken  contextual 
analyses  of  putatively  early  hominid  sites  in  North  America. 
In  what  was  perhaps  the  most  insightful  approach  to  the 
evaluation  of  the  Calico  Hills  site  to  date,  Haynes  (1973) 
presented  a  hypothetical  reconstruction  of  the  various 
transport  and  weathering  processes  to  which  the  chert  clasts 
at  this  site  must  have  been  subjected.  With  the  predictions 
for  kinds  of  alterations  expected  in  these  environments, 
Haynes's  outline  would  constitute  a  useful  point  of 
departure  for  a  meaningful  consideration  of  the  role  of 
natural  flaking  at  this  potentially  important  site. 
Unfortunately,  this  analysis  has  yet  to  be  undertaken. 

In  a  more  detailed  analysis.  Reeves  (1980)  has  taken  a 
contextual  approach  to  the  determination  of  flaked  cherts  in 
Pleistocene  deposits  near  Medicine  Hat,  Alberta.  In  this 
study  the  author  evaluated  potential  environments  for 
alteration  and  sought  to  observe  characteristic  attributes 
of  these  processes. 

F.  Absolute  Criteria 

Absolute  criteria  for  naturally  fractured  versus 
humanly  fractured  clasts  can  be  considered  on  the  population 
or  the  specimen  level'.  Barnes's  (1939)  method  was  designed 
as  an  absolute  criterion  on  the  population  level. 

Absolute  criteria  for  recognizing  naturally  altered 
individual  specimens  are  few  but  important  to  the  overall 
research  design.  Recognition  of  naturally  fractured 
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specimens  is  important  in  initial  population  segregation  and 
for  the  analytic  comparison  of  the  natural  with  the 
"questionable"  population.  However,  it  would  be  misleading 
to  group  all  naturally  fractured  specimens  Known  to  have 
been  fractured  by  different  agencies  into  a  single 
population  for  statistical  analyses,  as  Taylor  and  Payen 
( 1978)  have  done . 

There  are,  unfortunately,  very  few  absolute  criteria 
for  recognizing  natural  flaking.  The  most  common,  and  easily 
distinguished  natural  fracturing  process  is  freeze-thaw 
fracture.  This  process  produces  distinctive  attributes  that 
are  easily  discernible  on  most  lithologies  (cf.  Pei  1936, 
Oakley  1972).  These  attributes  consist  of  1)  concentric 
rings  originating  in  the  center  of  the  spall,  2)  presence  of 
nipples  at  the  center  of  the  concentric  rings,  3)  the 
absence  of  features  indicative  of  percussion  removal  (e.g., 
platform,  bulb  of  percussion).  The  attributes  are 
sufficiently  distinctive  to  make  it  difficult  to  confuse 
this  natural  process  with  human  stoneworking. 

Many  previous  studies  of  natural  flaking  at  problematic 
archaeological  sites  suffer  due  to  the  fact  that  they  did 
not  recognize  the  presence  of  frost  spalls  (Duvall  and 
Veneer  1980)  or  they  were  mentioned  but  nonetheless  were 
grouped  with  the  remainder  of  the  collection  for  analytical 
purposes  (Taylor  and  Payen  1978). 

As  discussed  in  Chapter  2,  failure  to  segregate 
populations  makes  subsequent  statistical  manipulation  of  the 
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data  invalid  as  the  products  of  non- i dent i ca 1  processes  are 
represented.  Further,  the  lack  of  feedback  from  the 
contextual  to  the  technological  evaluation  makes  the  latter 
observations  suspect. 

The  presence  of  deeply  striated  ventral  surfaces  on 
stone  flakes  may  be  considered  an  absolute  criterion  for 
natural  flaking  in  certain  contexts.  Their  presence  would 
imply  post-detachment  transport  in  an  environment  capable  of 
producing  deep  striations,  which  in  glaciated  regions  would 
most  probably  be  due  to  glacial  transport.  However,  if  an 
archaeological  site  were  subsequently  overridden  by  glacial 
ice  artifacts  may  be  altered.  Stapert  (1976)  describes 
striated  handaxes  in  tills  in  the  Netherlands. 

It  may  be  possible  to  define  absolute  criteria  for  the 
products  of  other  environments  and/or  geomorphic  processes. 
At  this  stage,  given  the  paucity  of  empirical  and 
experimental  research,  these  criteria  are  not  available. 

G.  Evaluation  of  Fracturing  Environments 

In  any  evaluation  of  a  natural  fracturing  envirionment 
at  least  three  general  parameters  must  be  considered:  1) 
competence  of  the  transport  medium,  2)  clast  motion  within 
the  transport  medium,  and  3)  length  and/or  periodicity  of 
transport  (Figure  3).  These  are  merely  general  parameters, 
not  necessarily  linked  to  any  specific  geomorphic  context. 
Thus,  qualitative  assessment  of  these  parameters  can  be 
conducted  in  the  absence  of  detailed  geomorphic  assessment. 
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Contextual  Analysis 
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Figure  3. 


Research  design  for  contextual  analysis 
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Competence  refers  to  the  ability  of  the  transport 
medium  to  move  objects  with  sufficient  force  to  produce 
alterations  of  a  given  magnitude.  The  usage  of  the  term 
competence  is  similar  though  not  identical  to  its  definition 
with  respect  to  sediment  transport  in  fluvial  systems.  Thus 
a  stream  may  be  competent  to  transport  and  produce 
mi cropmorpho logical  alterations  to  a  given  size  range  of 
clast  but  may  not  be  competent  to  produce  macro-alterations. 
On  the  other  hand,  the  potential  energy  involved  in  glacial 
transport  (other  factors  e.g.,  debris  composition,  being 
equal),  is  sufficient  to  produce  the  entire  range  of  micro- 
to  macromorphologi ca 1  alterations.  Thus  glacial  transport  is 
a  process  competent  to  produce  any  reasonable  magnitude  of 
alteration  to  stone  clasts. 

The  difference  between  stream  competence  and  alteration 
competence  can  be  illustrated  with  an  example  of  soil  flow 
on  hillslopes.  Sol i f 1 uct i on ,  or  soil  creep  are  competent  to 
transport  a  Vv/ide  range  of  size  classes  under  the  proper 
conditions  of  soil  moisture  content  and  gravity.  However, 
their  competence  to  produce  alterations  to  stone  clasts  has 
been  observed  to  fall  primarily  in  the  micromorphological 
range  (Warren  1914,  Pei  1936,  Stapert  1976).  In  the  case  of 
soil  flows,  lack  of  competence  to  produce  macro-alterations 
is  due  to  the  generally  low  energies  involved  in  clast  on 
clast  loading;  the  energy  of  the  system  as  a  whole  is, 
however,  relatively  large.  This  apparent  anomaly  can  be 
explained  by  the  second  related  parameter,  the  movement  of 


6:^-'  :  ■  >V 

;.,  #f', .::'‘-7w 


I  I 


%  » *  V 


M.  V  »■; 


rt,  ' 


•  ji 


,'  f'  '  .  'Z'  '  ‘  *  * 


f  '' 


« 

il^ 


r  i; 


'T',  .fcf(  it-;fc’ 

C  ..' 


5:' 


V.  V  _  .  .  “  ■  ‘  .V  ^  ^  - 


?•* 

*  ^ 

.  f 

i  Jr 

4. 

J  -;. 

•fi! 

« 

- 

ii  •«»*. 

•< ' 

'  ^  - 

■  '"  r  r  ,. 

' '  i 

V.‘ 

■  :d'*' 

t  iB  ( 

-Jf-  -. 


«  jl 


4‘ 


t  . 


.•  ,.'<  .  • 


•r  ' 

•  #  k 


’  5  1 


i* 


'!*•' 


’  T  r'-':  oa) 


'J‘'’  •■W>; 


»c*- 


r'V 


0 1  iwtiq^Fv  i  iV'l^^  i; 


9' 


r-  > 


,  t 


**p#  J  f.r^  i 


CM  i54l''jjr  '*<1 


f.  »«*•;£  .fi?'  i 


rt/r-i 


r^i 


i"'  •  -■'  '•  •  ,  , 


■  .. 

IS 


^  -J^  ^ 

J'  ‘ 


-sij 


^  -  I- .,  ■■-j'^- 


Iff 


67 


clasts. 

The  movement  of  clasts  within  a  transport  medium  is  an 
important,  often  poorly  understood  consideration  in  the 
evaluation  of  natural  alterations  to  stone  clasts.  The 
following  example  of  clast  movement  within  fluvial  systems 
illustrates  the  significance  of  this  parameter. 

Fluvial  Transport 

In  streams,  the  size  class  of  particles  of  interest  to 
the  natural  fracture  question  are  transported  primarily  by 
traction.  Pebbles  and  cobbles  are  generally  too  heavy  to  be 
saltated  upwards  through  hydrodynamic  lift  into  the  zone  of 
increasing  velocity  near  the  surface.  Instead,  where  net 
movement  does-  occur,  the  energy  involved  is  generally 
supplied  by  turbulent  velocity  leading  to  minimal  sliding 
and  dragging  movements  along  the  stream  bed  (Butzer  1976). 
Near  the  bed,  current  velocity  approaches  zero  (Butzer  1976) 
and,  contrary  to  common  belief,  pebbles  will  be  unlikely  to 
roll  rapidly  along  the  stream  bed. 

Although  hydrodynamic  lift  would  generally  be 
insufficient  to  play  a  role  in  lifting  medium-sized  clasts, 
it  does  appear  to  cause  vertical  vibrations  on  the  order  of 
millimeters  or  centimeters  ( Schumm  and  Stevens  1973).  This 
vertical  movement,  although  minimal,  is  significant  in  terms 
of  size  reduction  of  clasts.  When  brittle  solids  with  sharp 
acute-angled  edges  undergo  this  in-place  motion,  extensive 
microflaking  of  the  edge  may  be  expected  (see  Appendix  I). 
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A  further  alteration  process  in  stream  environments  is 
"wet  sand  blasting"  ( Kuenan  1961,  ShacKley  1972),  or  the 
abrasion  of  clast  edges  and  surface  by  fine-grained 
particles  carried  in  suspension  or  by  saltation.  Exposed 
surfaces  are  continually  impacted  by  fine  particles 
resulting  in  smoothing  of  edges  and  polishing  of  surfaces. 

The  latter  process  is  an  on-going  phenomenon  taking 
place  throughout  an  annual  cycle  of  a  stream.  The  previously 
discussed  processes  occur  with  less  frequency  and  and  a 
non-uniform  energy  distribution.  Turbulent  energy  increases 
to  a  maximum  between  1/2  and  3/4  bankfull  stage  and 
decreases  beyond  this  point.  For  the  most  of  the  cycle 
turbulent  velocity  is  probably  not  great  enough  to  transport 
the  coarser  fraction  of  the  bed- load.  In  addition,  maximum 
turbulent  velocity  is  distributed  unevenly  accross  the 
lateral  and  longitudinal  stream  profile.  Alteration 
competence  will  then  vary  spatially  and  temporally. 

H.  Discussion 

The  above  theoretical  outline  generates  significant 
propositions  for  the  investigation  of  natural  flaking  in 
fluvial  environments.  In  most  situations  streams  are  not 
competent  to  produce  significant  numbers  of 
macro-alterations.  In  situations  where  sufficient  energy  is 
present,  it  will  be  distributed  unevenly  through  time  and 
space.  On  the  other  hand,  mi cromorphologi ca 1  alterations  may 
be  produced  continuously  through  time.  If  the  degree  of 
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microalteration  is  quantitatively  measured,  as  suggested  by 
ShacKley  (1972),  then  it  may  be  possible  to  outline  a 
chronology  of  flake  scar  production.  Variable  flake  scar 
ridge  width  measurements  may  be  suggestive  of  intermittent 
flake  removals  and  a  natural  origin. 

It  is  unlikely  that  use-wear  studies  of  specimens 
having  undergone  significant  fluvial  transport  will  be  of 
much  utility.  Mi cromorphologi ca 1  alterations  from  polishing 
to  microflaking  of  edges  occur  with  sufficient  regularity  to 
obscure  or  alter  original  human  alterations.  Unless  a  great 
deal  more  experimental  work  is  undertaken  it  is  unwise  and 
probably  misleading  to  use  mi cromorphologi ca 1  criteria  to 
argue  for  a  human  origin  for  questionable  specimens  in  a 
fluvial  context  as,  for  example.  Singer  (1978)  has  done. 

To  carry  out  a  contextual  analysis  adequately,  first 
the  life  history  of  a  collection  must  be  fully  reconstructed 
with  respect  to  the  kinds  of  alteration  environments  to 
which  specimens  were  subjected.  Their  sequencing  may  also  be 
an  essential  part  of  the  analysis.  Secondly,  a  thorough 
contextual  analysis  requires  adequate  knowledge  of  the 
essential  parameters  of  a  given  environmental  process. 

Reconstruction  of  the  life  history  of  a  collection  of 
specimens  will  only  rarely  be  complete.  If  specimens  are  far 
removed  from  their  initial  source  area,  only  the  most  recent 
environments  to  which  they  have  been  subjected  may  be 
discernible.  Beyond  these  latter  stages,  earlier  stages  of 
the  life  history  will  be  a  matter  of  hypothetical 
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reconstruct  ion . 

The  second  problem  is  more  complex,  and  unfortunately 
less  easily  addressed  given  the  current  state  of  knowledge. 
Most  of  the  essentials  of  alterations  in  particular  contexts 
must  be  derived  from  geological  and  geomorphologi ca 1 
literature.  It  is  rare,  however,  that  the  observations  made 
by  specialists  in  these  fields  will  be  directly  relevant  to 
the  questions  posed  by  the  contextual  analysis.  Thus,  many 
of  the  predictions  generated  by  the  analysis  will  be,  in 
part,  conjectural.  The  case  studies  in  following  chapters 
suffer  in  this  regard. 

Further  information  can  be  derived  from  the  limited 
experimental  and  empirical  observations  carried  out  by 
archaeologists.  Again,  this  information  suffers  due  to  its 
limited  extent  and  the  fact  that  most  of  it  was  carried  out 
earlier  in  this  century  prior  to  a  clear  understanding  of 
the  mechanics  of  rock  fracture.  Additionally,  much  of  this 
literature  is  very  subjective  and  only  rarely  quantified. 

I.  Technological  Analysis 

When  human  beings  intentionally  alter  stone  materials, 
depending  upon  the  mechanical  properties  of  the  raw 
materials,  and  the  desired  end-product,  they  employ  a 
limited  set  of  production  techniques.  These  procedures  leave 
characteristic  attributes  that  can  be  objectively  observed 
and/or  measured.  This  is  not  to  say  that  these  attributes 
are  by  any  means  mutually  exclusive  to  human  stone 


4-  ;ll  f 

.  '  '  f  '  •  f< ■  I 


'  '  ”•  \  "  LP  •■  J 

\  ‘t  •*,>■'  ■’*  rf'-' 

.  k  *■ 


:»  ,' 


!f  -'  < 


MC 


‘  «  •:; 
-*  V 


"!»<*  ■  -.  ’.J  f  {» 

'  ■  ’.  I 

.  /‘  ■’ i.  *  «♦ 


.M  »  (\T  >)«flipi  .  ?q«  ty 

'  ■■  t  *v?»«oqi  f*p’^  nwip 

*^f 


‘4  >“ 


,  4MP^  IV - 


i»f  * 


r 

;j_; : 

U  ' 

#  i 


•V 

• 

V  i  ' 

‘  t' 

>•  Ua 

-  ‘S  ; 

.  1.;.' 

'y  - 

V-'  ■  ■'  r  ■  *  'v^,*'.'*-' 

« 

i  J«  "•  i  ■'»  ' 

t"' 

■j'^- 

h  *  **  * 

'' !  . 

■• '  "V 

rti  4 » - 

1 

.  •  - 

'■‘4 


.V-T  . 


,  t'S-  ^ 

■  '■  /»J  •  »  I 

iS,'r^  fi^ -xy ;-  ^ ^ ■» .^''‘‘i 

*  "  -.  *'  •  -  t  :  ,  '  •  =^J 


>  t>s^tlm  / 1- 


•  r 


•»  f4 


,  ■'  L. 


r*- 


'  .‘^r 


.  i  I* 


■■»  •  m. 


I  \ 

u..  V 


'1^-  ,  .  .  ,  ♦ 


■  ^ 

t 


.s: 


.--*y*. 


«» 


Mi.. 


:?>• 


.‘tj  \*r 

,  ., 

.  ,  I  • '  »  '  ’  '  f 


•w' 


•Tt 


I  .■« 


'•*  .• 


:.V 


i-,;- /. 


■»  . 

4. 

..  .^-  •i-  :0 


f\( 


■t 


'4^  If  . 


- 


»  W-  -(;,■,  _, 


»  ■'  <  ■  .  .  j; 

ilftu  y 


Sj:";  *4* 


i;>.»  j,  ,f  «  i  a* # ‘ 

’;•  ,.■  V'  ,  v  f  '  .',  lij'-' 

dl  ■•  •  .'iHt  '  "  *  4 . 

.  «  ■  .  . 

.  .  -/  -  • 

■  4  •.  -^■'’'  '-'■ 

•f'.  '  .. 


'  ■■;  *•'#  '  - 
■'lit  — , 

'  ■ 


•.9»'?‘ 


71 


alteration.  It  is  to  be  expected  that  natural  processes 
will,  in  some  instances,  produce  features  that  will  mimic 
such  attributes  of  human  stoneworKing  as  platform 
preparation  or  dorsal  surface  flake  scars.  However,  it  is 
assumed  that  these  features  will  not  characterize  the 
majority  of  natural  flakes  or  altered  nodules. 

Attributes  of  human  stoneworking  can  be  objectively 
recorded  on  populations  of  specimens.  However,  few  of  these 
are  diagnostic  of  human  alteration  other  than  in  a 
probabilistic  sense  (depending  upon  the  numbers,  sizes,  and 
patterning).  The  step  from  data  collection  to  evaluation 
involves  an  intermediate  step  of  comparison  between  other 
populations.  These  populations  can  be  either  naturally 
altered  specimens  from  the  site  deposits,  or  data  from  known 
human  stoneworking  products  collected  elsewhere. 

The  outline  of  attributes  below  focuses  on  two 
generalized  human  stoneworking  strategies:  percussion 
flaking  and  bipolar  flaking.  These  strategies  were  selected 
primarily  because  of  their  relevance  for  the  case  studies  to 
follow.  In  addition,  simple  flakes  and  mi nima 1 ly- f 1 aked 
stone  objects  form  the  bulk  of  specimens  in  the  questionable 
sites  discussed  earlier. 

Proximal  Attributes 

Observation  of  proximal  end  attributes  is  extremely 
important  because  a  number  of  behavioral  processes  such  as 
platform  preparation  (grinding,  faceting)  and  platform 
isolation  may  be  recorded  on  specimens.  In  addition. 


V 


4:  IK 


T^S  “’■'*»**, 

,t- 

\  .•  1  * 

„  1  i 

.J[  .O'l '  :k  i-:fd  y>  ^  f#! 


f;l 


; 

"VI  w*  *.  ^ 

»‘4  ^'o  ' 

•■•4  1:^ 

1,''  ‘  i  -, 

f. 

■’■  * 

1 

.-;  •*-  ,  - 
—  ■r 

‘  *-4  y  - 

‘:i. : 


,  ■! 

£vnf?  .  t  ki‘  I  . 

'OC***-^|l*»** 

T,t 


:-  ,.  ‘'i 

I  •  ■  ■ 

iKn'ic  I  ♦i^.l 'v***';  ■  '• 

f 


.'  -  <<IV^ 


! 


.  ■  j 


H 


.  *»  ■ 


I  .1 


.'  jr*‘30  |f.i 

V/ » ?  ,  ^  ]  fit  .  •  •?  V I  ovo  r 

'  -’  '  •  1  ‘  #  ■  ..»*■',  '3.4  „ 

'*'1 

i5d.^  •  >1 


■■af 


•^V^>.,...  V  ■.  '  *  ■•»«»' if 'llJ''  .'t»,  J  ]'  '•JI  _•  'i 

'  ,  * 

**  4  •^''  ■  *  ,V  ».,  \*  ^ 

$f,r> 


v'V  ^  iiKl->  A 

V  «=’  V.,-  ■'  ' 


.  t* 


•^rV',  ->■-•■ 


'•v-.-  •  ^ 


^  '  *  V  *  •'^1  t  '  ■  * 

v*- >;>.  .  "v  I  Mi*  JHit.  .  ’  >1  t 


S*««  ■  f  ^^^9  'V  * :?  •  »ir  i 


I  — • 

*  * 

JC  .  t’ 


(ft.,  A 


■•  ,1. 


V-  j 


#%'  ■  i 


•* 

'  ■.  ■  t 

. 

■  '  '  '*  'li 

»4  ■  ^  _ .  ■  ,  “  •  '  ■  .j 

,  ,  ‘'  ■•,/  #■ 

V  .i%»  ■  j '  ,  *  Id  - ;  .■  -, 


-V^  '^.  ru 

V:  -  '  Z:'  “i.. 


5^^ ''  li  V’'  •» 

.  ^  '*i^ ..  ^..,..* 

,,,  ,  ,  .Jp4-  '  .  '■'  iJ  ■*  •  •  ‘ 

is  Y’.  ^  ,\'» 


72 


patterned  striking  platform  geometry  (depth,  width,  shape) 
may  be  useful  for  distinguishing  hominid  stoneworking  from 
natural  flake  removals. 

Platform  Remnant  Depth 

This  is  a  continuous  level  measurement  of  the 
distance  of  the  widest  part  of  the  striking  platform 
from  the  ventral  to  the  dorsal  face  (figure  4).  The 
depth  of  the  platform  remnant  is  dependent  upon  the 
distance  of  the  PFA  (point  of  force  application)  from 
the  core  edge  ( Phagan  1976:  44).  Deeper  platforms  on 
human  flakes  may  indicate  a  desire  to  obtain  larger 
flakes  in  the  early  stages  of  core  reduction.  However, 
the  same  result  can  be  obtained  by  isolating  and 
preparing  a  suitable  platform  for  flake  removal.  Human 
stone  flaking  can  then  be  predicted  to  vary  considerably 
in  values  for  this  attribute.  If,  however,  platform 
remnant  depths  are  characteristically  shallow  in 
relation  to  overall  flake  dimensions,  then  a  case  for  a 
human  origin  may  be  indicated. 

Platform  Remnant  Width 

Platform  remnant  width  is  the  maximum  width  of  the 
striking  platform  between  the  two  lateral  edges.  Similar 
to  platform  remnant  depth,  this  measurement  correlates 
negatively  with  the  degree  of  platform  preparation  and 
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Figure  4.  Flake  attributes  used  In  this  study. 


74 


Platform  Remnant  Surface 

This  nominal  attribute  records  the  Kind  and  degree 
of  alteration  of  the  platform  surface  prior  to  flake 
removal  (for  definitions  see  Phagan  1976:  46-47). 
Platforms  may  retain  the  original  surface  of  the  parent 
nodule  (e.g.,  cortex),  facets  or  a  ground  surface.  In  a 
very  active,  high  energy  natural  fracturing  environment 
it  is  quite  possible  that  a  low  number  of  platform 
remnant  flakes  will  exhibit  faceted  platforms.  However, 
where  the  majority  of  surfaces  are  non-cortical  a  human 
origin  can  be  strongly  inferred  (Patterson  n.d.).  On  the 
other  hand,  the  presence  of  predominantly  cortical 
surfaces  does  not  automatically  preclude  a  human  origin. 
Initial  stages  of  core  reduction  such  as  quarrying 
activites  may  result  in  predominantly  cortical  platform 
surfaces  (Phagan  1976:  47). 

Platform  Preparation  Scars 

This  attribute  records  the  presence  of  microflake  scars 
emanating  from  the  dorsal  edge  of  the  the  platform  remnant 
(for  definitions  see  Phagan  1976:  49).  In  hominid 
stoneworking  platform,  preparation  serves  to  remove 
overhangs  on  the  core  face  thus  "strengthening"  the  edge  as 
well  as  to  isolate  the  platform.  In  either  a  natural 
percussive  or  pressure  environment  these  features  would  not 
be  out  of  place  (see  Chapter  4).  It  should  be  noted  that 
platform  preparation  scars  are  often  absent  on 
humanly-struck  flakes  as  well. 
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Platform  Angle 

This  attribute  is  similar  to  that  recorded  by  Wi Imsen 
(1970:  14-17),  Phagan  (1976:  47-48),  and  Bleed  (1976).  The 
platform  angle  recorded  here  is  the  complement  of  the  actual 
angle  between  the  platform  surface  and  the  ventral  flake 
surface.  As  suggested  by  Bleed  (1977)  and  Phagan  (1976)  this 
measurement  is  preferable  to  the  actual  angle  as  it  gives  a 
comparable  figure  to  that  taken  off  core  faces  such  as 
Barnes's  (1939)  ang 1 es-p 1  at  form  scar  measurement. 

The  platform  angle  is  determined  primarily  by  the  angle 
of  applied  force  (Phagan  1976:  49).  The  angle  of  applied 
force  is  manipulated  to  control  flake  length.  Contrary  to 
Patterson  (n.d.),  human  beings  do  occasionally  produce 
flakes  with  platform  angles  greater  than  90  degrees.  Rather, 
steeper  platform  angles  reflect  more  outward  directed  force 
components  (Phagan  1976). 

Distal  End  Attributes 
Flake  Termination 

Flake  terminations  are  recorded  in  nominal  states. 
Two  of  these  states  are  right-angled  terminations  (step 
and  hinge  terminations).  These  two  states  may  indicate 
inadequte  force  amounts  and/or  very  high  outward 
components  in  the  angle  of  delivery  (Phagan  1976:  51). 
Also,  right  angle  terminations  occur  with  great 
regularity  when  the  core  face  is  very  steep  and/or 
obtuse.  However,  in  this  instance,  flake  removal  will 
only  proceed  with  very  high  force  components. 
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Ventral  Surface  Attributes 

Attributes  of  ventral  surface  morphology  are,  for  this 
study,  only  recorded  as  being  present  or  absent.  The  value 
of  these  attributes,  including  ripple  marks,  hackles, 
erail lures,  and  percussion  bulbs  (for  definitions  see 
Bonnichsen  1977)  is  primarily  for  distinguishing  percussive 
from  pressure  flake  removal. 

Dorsal  Surface  Attributes 

Cor  tex 

This  attribute  approximates  the  percentage  of 
unmodified  area  remaining  on  the  dorsal  surface.  It  may 
be  difficult  to  determine  non-cortical  from  cortical 
surface  for  some  lithologies,  and/or  those  specimens 
that  have  been  subjected  to  a  lengthy  period  of 
weather i ng . 

Scar  Number 

This  attribute  quantifies  the  number  of  individual 
flake  scars  present  on  the  dorsal  surface.  As  in  the 
preceding  cortex  attribute,  the  number  of  dorsal  scars 
present  on  a  specimen  indicates  the  degree  of  prior 
modification  the  parent  nodule  underwent  prior  to  flake 
removal.  It  may  prove  difficult  to  distinguish  thermal 
spalls  from  flake  scars  on  some  coarse-grained  materials 
that  are  not  conducive  to  the  formation  of  ventral 


surface  attributes. 
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Scar  Size  and  Orientation 

Because  of  the  difficulty  in  recording  the 
attributes  of  scar  size  and  orientation  objectively 
these  attributes  were  only  subjectively  assessed  in  this 
study.  However,  where  great  regularity  in  size  and 
orientation  of  dorsal  flake  scars  exists,  a  human  origin 
is  strongly  implied. 

Production  Technology  for  Quartzite  Cobbles 

In  many  areas  of  the  New  World,  particularly  in  the 
northern  plains  region,  the  most  common  raw  material  for 
stone  tool  production  consists  of  rounded  quartzite  cobbles. 
These  clasts  are  generally  characterized  by  a  hard,  smooth, 
siliceous  cortical  surface  encasing  a  matrix  of  cemented 
quartz  grains  with  considerable  variation  in  the  degree  of 
cementation  and  coarseness  of  the  grains. 

Many  of  the  production  attributes  outlined  previously 
are  applicable  to  this  raw  material,  since  it  was  also 
bifacially  and  unifacially  flaked  by  aboriginal  peoples. 
However,  due  to  the  granular  structure  of  most  quartzites, 
it  may  be  difficult  to  observe  many  of  the  attributes  on 
most  specimens.  In  addition,  due  to  the  characteristics  of 
the  cortical  surface  and  the  degree  of  rounding  of  edges 
(i.e.,  few  naturally  occurring  sharp,  acute-angled  edges), 
more  specialized  techniques  of  core  reduction  were  commonly 
employed  with  this  raw  material. 

Aboriginal  peoples  utilizing  quartzite  cobbles  for 
stone  tool  production  commonly  split  cores  longitudinally  or 


i. 


Jf-  _  • 

isfi0  i.a  n? 

■7*’  ^  ■ 

*f4**  ' 


‘1  \  ;i'i>r 


<*  H  T>l 


'Vt 

'i 


riQ 


‘  r ‘4  Ir 


p 


.  .  ^■;  1' 


‘i  lr  - 

.fcf  ,-l  ■  ■  >  -  S  w!  f 

.■f*~-‘-^i’3  “Krtiljtol  ^  ■  ■  IV  .  r-jtc-mq 

■  <  V-  ‘  /'  '"’■  '  - 

•  -v- 

J*ii»'.i  H.^--  >T  '  4f>p3|£fl[f^  ^<1  ’rcvj 

1  -■!:>!$ 


’  .  .:*rfT 

•ei 

rill. 


, '  :r-  *  •'•5 


4 

« 

ji 

•  r 

*  -  ^  •  i  ' 

fir;ri  •■ 

!  :er- 

'  ‘S'  '**;i  .1 "•ifH""  7  ^>*'1  v:i  riiti 

-  ■■  .  i?  '  j'  ’  .  '''•'.  .  I  "  .  "•  -■-*■• 

■  ’  '  ■•  r  V 

*  f  .  -v 


k»- 

iKi 


.4  *'  .  ■■•;. 


■.X'^ 


»‘^1'  -^.n  f/'i  >1  ,-  a, 

"'-^■-  i;-^ •  iitW  *1.!  * 

^  '  •  ►  •  ■  *'  'll.  "'  ’  r' 

i^i*  -vt'! -^'w-t  ■  .,  -  ;  I  -vtf  Jp^ifa  .  ,r;i,.,  .y 

'  *  .  '  fi-  -  "  '  ■*  ~ 

.-e4.  '  ’ii  **Ov>  ■  •  V  •it.’*.  / jftilt;  •*  , ,'  -»  Sl'i'V* 

-’■  *■  ■  :  ■  ,  ‘  ^ 

■  ■  £fe-i.  ' 


/W.  I 

.-■'■■ita" 


*  •  f 


4.  ■  •. 

*  f  *  'I-. 


'*  ■  -j*  ‘w  r*  ■  '^  r  •  ‘  ^  • 

*  •,  ^  '  ., v'-''  -i  ' 

-*l  ''iC  f  •  ‘  : .. 


"  -i  \t-  .  -  ■  ■  <t 


.A 


78 


into  a  series  of  fragments  by  means  of  radial  fracture 
techniques  (throwing  clasts  against  clast)  prior  to 
hand-held  percussion  flaking  ( Honea  1965,  Bonnichsen  and 
Young  n.d.).  Failure  by  radial  fracture  can  occur  when  high 
velocity  impacts  to  cores  with  oval  to  circular 
cross-sections  are  made  with  a  hammerstone  with  a 
semi-circular  end  (Bonnichsen  and  Young  n.d.: 170).  The  end 
product  of  failure  by  radial  fracture  may  be  two 
longitudinal  sections  of  the  original  clast  (or  fragments 
thereof)  if  the  specimen  is  oval  cross-sectioned  or,  when 
the  specimen  has  a  circular  cross-section,  the  clast  may 
fail  into  several  "orange-section"  fragments  (Bonnichsen 
1977:  125). 

Commonly  aboriginal  peoples  attempted  to  fail  clasts 
with  oval  cross-sections  by  placing  one  end  of  the 
longitudinal  axis  atop  an  anvil  and  delivering  a  high 
velocity  impact  with  a  thrown  hammerstone.  These 
end-products,  with  the  hard  cortex  removed  from  portions  of 
the  specimen  were  then  more  easily  flaked  by  hand-held 
percussion  techniques. 

d.  Assessment 

Following  evaluation  of  contextual  and  technological 
parameters  it  is  possible  to  make  probabilistic  assessments 
regarding  the  natural  or  human  status  of  a  population  of 
specimens.  Assessment  may  cover  the  entire  assemblage  (see 
Chapter  6),  or  consider  portions  of  the  assemblage 
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separately  (see  Chapter  5)  where  specimens  can  be  subdivided 
into  smaller  analytical  populations.  Assessment  of  micro- 
versus  macromorphologi ca 1  alterations  must  be  considered 
separately . 

Assessment  is,  to  a  certain  degree,  subjective. 
However,  the  procedures  and  the  criteria  leading  to  the 
assessment  can  be  explicitly  stated.  Other  scholars  are  then 
free  to  evaluate  the  conclusion  on  the  basis  of  objective 
criteria.  Conclusions  can  be  strengthened  or  altered  on  the 
basis  of  additional  evidence.  In  this  way  discussions  about 
questionable  sites  can  be  additive  and  dialectic  rather  than 
simply  argumentative. 

No  clearcut  guidelines  for  assessment  can  be  laid  out 
at  this  time.  In  the  absence  of  absolute  criteria  and 
objective  principles  for  estimating  confidence  limits, 
assessment  consists  of  posing  four  general  questions: 

1)  What  criteria  argue  for  a  natural  origin,  and  2)  what 
criteria  argue  for  a  human  origin.  3)  What  criteria  argue 
against  a  natural  origin,  and  4)  what  criteria  argue  against 
a  human  origin. 

The  first  question  involves  evaluating  whether  or  not 
the  population,  or  specimens  within  the  population,  are  in 
conformity  with  the  predictions  derived  from  the  contextual 
analysis.  This  evaluation  may  be  inconclusive  when  sample 
size  is  small,  or  the  reconstructed  environments  are  poorly 
understood  in  terms  of  relevant  parameters  (see  Chapter  6). 
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Alternatively,  the  evaluation  may  be  strengthened  by 
comparison  with  Known  naturally  fractured  specimens  (see 
Chapters  4  and  5 ) . 

The  second  question  may  be  addressed  with  somewhat 
greater  confidence.  Considerable  comparative  data  has  been 
published  and  considerable  research  has  been  conducted  with 
respect  to  fracture  mechanics  of  human  stoneworKi ng . 

The  third  question  involves  evaluating  whether 
specimens  are  anomalous  in  their  contextual  parameters. 
Again,  estimation  of  confidence  limits  is  subjective. 
However,  where  one  or  more  environments  have  been 
reconstructed  it  may  be  possible  to  eliminate  one  or  more  of 
them  from  consideration-  (see  Chapter  4). 

The  fourth  question  is  also  difficult  to  address. 
Arguments  against  a  human  origin  consist  primarily  of 
stressing  minimal  alterations  to  specimens.  However,  in 
certain  behavioral  contexts  (e.g.,  quarry  activity),  human 
alterations  may  in  fact  be  minimal. 

A  certain  amount  of  "artistry"  is  required  in  the 
assessment  of  questionable  site  assemblages,  and  the 
selection  of  alternative  hypotheses  will  rarely  be 
straightforward.  However,  if  the  range  of  possibilities  can 
be  narrowed  and  criteria  for  assessment  explicitly  stated  it 
would  be  a  major  advance  over  current  approaches  employed  in 
the  assessment  of  questionable  sites. 


r*^*  9^i 

- '  ->  J#..  1  j'li*'-  J,X**  ^IN 


<  iJ^ 


.f  ^  *•  . 


f  '  ;  .  ^-y  •  '♦ 


•  -  t  :  '  .4V  - 

.*  '.S>, 

^;iq^UKfc^  -  ■ 


‘ih 

"i 


yi,*  ../ ►-”•■■  • 

'»•  ^  '  I 


•li  « 


1  ‘.y 

ti 


.  ^  1.  i*-"*  ^.'iV 


^  .'t-.  >  f 


'i  v^» 


■S  ..*  V 


'V  ’ 


■^.  .il 


.  X'  ■■>:  "  ,  ■$ 


» M /-7  ;« ■'t. 

_V  <  '  •'  • 


-t  *_ 


3- 

i 


J  ■ 


..  ^  *m 


4.  o  •  t 


••.,  t 


■  ■  ■-■'■jEi  ■  •■ 

'  ’  fv  I  .<  f  iV  .''  , 

,  -  - 


Ji  -: 


'..  '  4'-""' 

.  .1  /  '.t‘'^,.X:i".u ...  ' 


IV.  The  Timlin  SiteiFluvial  and  Glacial  Attritional 


Processes 


A.  Introduction 

The  flaked  stone  specimens  from  the  Timlin  site, 
east-central  New  York  state,  present  an  extremely  complex 
interpretive  problem.  The  context  of  the  specimens  in 
coarse,  poorly-sorted  gravels  has  led  several  authors  to 
question  the  artificial  status  of  the  proposed  artifacts 
(cf.  Funk  1977,  Cole  and  Godfrey  1977).  Further,  the 
geomorphic  context,  in  coarse  fluvial  gravels,  admits  to  the 
strong  possiblity  for  extensive  mi cromorpho logical 
alteration  to  specimens.  As  a  final  complicating  factor,  the 
relative  contemporaneity  of  specimens  is  difficult  if  not 
impossible  to  determine  in  this  situation;  and  given  the 
potential  of  fluvial  systems  to  select  and  transport  clasts 
of  different  size  and  shapes,  the  possibility  for  sample 
bias  is  large. 

The  assemblage  of  proposed  human  1 y- f 1 aked  stone 
specimens  consists  primarily  of  flakes,  many  of  which 
exhibit  uni  facial  edge  damage,  and  several  cores  or  core 
fragments.  The  specimens  occur  in  postglacial  fluvial 
gravels,  the  clasts  of  which  are  ultimately  derived  from 
g 1 aci a  1 /g 1 aci o- f 1 uvi a  1  deposits  in  the  immediate  area 
(Fleisher  1980).  The  lithological  composition  of  the 
assemblage  corresponds  in  kind  to  the  lithologies  of  brittle 
clasts  present  in  local  fluvial  and  glacial  deposits  (i.e. 
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no  exotic  materials).  Given  this  situation,  alternative 
hypotheses  for  the  origin  and  alteration  of  the  specimens 
from  this  site  in  fluvial  or  glacial  contexts  must  be 
objectively  assessed. 

B.  Background  to  the  Problem 

Several  archaeologists  (of.  Ritchie  and  Funk  1969,  Funk 
1977;  Starna  1977,  Cole  and  Godfrey  1977)  have  questioned 
the  artifactual  status  of  flaked  stone  specimens  described 
in  a  series  of  articles  by  Raemsch  and  others  (cf.  Raemsch 
and  Vernon  1977a;  Raemsch  1977b;  Stagg,  et  al.  1980).  In  the 
initial  descriptions  of  the  site,  the  flaked  stone  materials 
were  believed  to  lie  within  coarse  stony  tills  and  on 
weathering  surfaces  separating  tills  of  different  ages 
(Raemsch  and  Vernon  1977a).  Because  of  the  context  of  the 
specimens,  their  visible  weathering,  and  their  technological 
simplicity,  various  New  York  archaeologists  suggested  that 
fracturing  during  glacial  transport  might  be  an  equally 
valid  alternative  hypothesis  for  their  origin. 

In  addition  to  the  hypothesis  of  flaking  during  glacial 
transport,  the  position  of  the  specimens  within  coarse, 
fluvial  gravels  hinted  strongly  at  the  possibility  of 
alteration  through  vigorous  fluvial  transport.  The  shiny, 
polished  appearance  of  the  cortical  surfaces  of  the 
specimens  and  the  degree  of  rounding  of  edges  lent  further 
support  to  this  hypothesis.  In  particular,  it  was  felt  that 
the  nibbled  edges  of  many  specimens  might  have  resulted  from 
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transport  by  this  mechanism. 

Ritchie  and  Funk  (1969)  were  quite  adamant  in  their 

assessment  of  examples  of  proposed  human  flaking  at  the 

Timlin  site.  In  their  opinion,  the  specimens  were, 

"...unequivocally  not  the  work  of  man,  but  the 
product  of  natural  agencies,  of  erosion  by  rolling, 
battering,  and  scouring  and  other  forms  of 
attrition.  Such  flakes  as  have  been  removed  are 
purely  random  and  show  none  of  the  characteristics 
resulting  from  human  workmanship  (p.  15)". 

and 


"Most  of  the  items  from  the  s i te ...  cannot  be  called 
artifacts  by  any  exercise  of  the  imagination  (Funk 
1977:  543)". 

and 


"With  very 
simply  rocks 
1977:  543)". 


few  exceptions,  these  'artifacts'  were 
,  or,  technically  geofacts  (Starna 


Two  primary  reasons  for  not  accepting  the  specimens  as 


resulting  from  human  activity  were  given; 

1.  Lack  of  lithological  diversity  (Cole  and  Godfrey 
1977):  the  specimens  comprise  two  primary 
lithologies,  both  of  which  are  abundant  in  the 
gravels  at  the  site  and  in  surrounding  glacial  and 
fluvial  deposits. 

2.  The  site,  being  quite  near  the  source  area  for 
the  lithologies  present  in  the  collection,  would  be 
expected  to  contain  large  numbers  of  sharp, 
g 1 aci a  1 1 y- fractured  specimens  in  a  fairly  fresh 
state,  allowing  for  their  mi sident i f icat ion  as 
artifacts  (Cole  and  Godfrey  1977). 


In  order  to  resolve  the  disputed  status  of  the 


specimens,  several  authors  (Cole  and  Godfrey  1977,  Funk 
1977)  advocated  use  of  the  Barnes  method  as  an  objective 
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technique  for  evaluating  the  conflicting  opinions.  In  a 
reply  to  criticisms  leveled  at  the  Timlin  site,  Raemsch 
(1977)  addressed  the  issue  of  Barnes's  angles  platform-scar 
measurement  by  providing  a  very  rough  assessment  of  the 
distribution  of  values  for  this  variable  on  specimens  in  the 
collection.  Although  the  angles  of  flakes  and  flake  scars 
were,  in  Raemsch' s  opinion,  obtuse,  he  argued  that  this 
result  is  not  unexpected  in  certain  human  industries,  for 
example  the  Clactonian. 

Before  discussing  more  recent  criticisms  of  the  Timlin 
site,  a  number  of  comments  regarding  the  use  of  the  Barnes 
method  are  appropriate.  As  originally  defined  (Barnes  1939: 
109-111)  the  angles  platform-scar  was  to  be  measured  on 
specimens  exhibiting  flake  scars  greater  than  1  cm  in  length 
and  exhibiting  their  point  of  initiation.  Barnes  made  no 
mention  of  measuring  the  flaking  angle  on  flakes.  In  the 
Timlin  collection,  the  vast  majority  of  specimens  are  flakes 
exhibiting  few  flake  scars  on  cores  or  flaked  artifacts  of 
the  appropriate  length  for  the  application  of  this  test. 
Thus,  the  Barnes  method,  per  se ,  would  be  inappropriate  for 
the  Timlin  collection. 

However,  if  one  were  to  measure  the  flaking  angle  or 
Wi Imsen' s  (1970)  Beta  angle  on  flakes,  as  Bleed  (1977)  has 
done  for  the  Sozudai  collection,  it  would  be  necessary  to 
take  the  complementary  angle  to  that  read  directly  on  the 
recording  device.  This  measurement  is  then  comparable  to  the 
angle  measured  on  cores  or  flaked  artifacts.  If  this 
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procedure  is  not  followed,  the  vast  majority  of  flakes,  from 
any  site  (including  Timlin  or  Late  Woodland  sites)  will 
exhibit  a  majority  of  obtuse-angled  specimens. 

C.  Geomonphic  and  Geologic  Context 

Specimens  collected  from  Locus  1C  at  the  Timlin  site 
were  recovered  from  poorly  sorted  fluvial  gravels  from  the 
highest  fluvial  terrace  (T2}  (Figure  5).  These  gravels, 
occasionally  interbedded  with  coarse  sandy  lenses,  "rest 
directly  upon  till  forming  a  contact  characterized  by  large 
lag  boulders  (up  to  2  feet  in  diameter)  and  cut  and  fill 
channels  within  the  till"  (Fleisher  1980:  6).  The  western 
portion  of  the  terrace  is  bounded  by  a  fluvial ly  sculptured 
morainal  terrace,  the  contents  of  which  probably  supplied 
most  of  the  material  that  was  later  reworked  to  form  the 
fluvial  gravels  of  the  site.  Fleisher  (1980:  10)  interprets 
the  degree  of  sorting  and  cut  and  fill  structures  to 
indicate  "limited  distance  of  transport  and  rapid  deposition 
in  swift  currents"  of  materials  making  up  the  gravel 
stratum. 

The  coarseness  and  angularity  of  the  fluvial  gravels  at 
the  Timlin  site  give  a  false  impression  of  the  competence  of 
West  Creek  to  transport  the  relatively  large  chert  and 
siltstone  nodules  in  the  deposits.  Funk  (1980:  personal 
communication)  observed  large  chert  boulders  with  faceted 
surfaces  in  the  modern  creek  bed  and  felt  that  this  faceting 
resulted  from  tumbling  and  bashing  of  one  nodule  against 
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another.  However,  it  must  be  borne  in  mind  that  the 
composition  of  the  West  Creek  gravels  is  more  a  function  of 
the  proximity  of  the  glacial  sediments  the  stream  is 
currently  reworking.  In  this  case  the  stream  is  transporting 
those  sediments  it  is  competent  to  move  (primarily  suspended 
and  dissolved  load)  thus  winnovjing  out  the  finer  matrix  from 
the  coarser  clasts  which  probably  do  not  undergo  significant 
tr anspor  t . 

A  general  alteration  model  for  chert  and  siliceous 
siltstone  clasts  eventually  deposited  at  the  Timlin  site  is 
presented  in  Figure  6.  Reconstructed  geomorphic  environments 
are  on  the  left  side  of  the  figure  involving  outcrop 
disaggregation,  glacial,  and  finally  fluvial  transport. 
Alteration  processes  and  products  are  on  the  middle  and 
right  side  of  the  figure. 

Flaking  by  Glacial  Transport 

The  observation  of  clast  abrasion  in  present  glacial 
systems,  or  the  imitation  of  these  processes  by  experiment 
is,  for  practical  reasons,  difficult.  What  literature  does 
exist  regarding  clast  attrition  by  glacial  transport  comes 
primarily  through  deposits  derived  from  this  process(cf. 
Drake  1972).  These  studies  are  somewhat  inadequate  for  the 
purposes  of  this  study  as  they  simply  represent 
reconstructions  of  proposed  mechanisms  of  attrition:  and  the 


lithologies  studied  are  rarely  the  isomorphic,  brittle 
solids  sought  after  by  hominid  stoneworkers .  Nevertheless, 
it  is  possible  to  examine  several  dominant  modes  of  glacial 
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transport  and  their  role  as  attritional  agents. 

The  two  primary  attritional  mechanisms  involved  in  the 
size  reduction  of  clasts  in  basal  till  are  crushing  and 
abrasion  (Drake  1972).  Mechanical  abrasion  is  brought  about 
by  the  frictional  wear  of  clast  against  clast  as  well  as  the 
movement  of  clasts  through  a  medium  rich  in  sand-sized 
particles.  Clast  crushing  is  achieved  through  the 
point- loading  of  one  or  more  clasts  against  another  and 
failure  of  one  or  more  specimens  under  sufficient 
compressive  and  confining  pressure. 

In  most  respects,  then,  the  environment  of  attrition  at 
the  base  of  a  glacier  corresponds  to  Model  1,  in  which 
impact  areas  are  largely  independent  of  size  and  shape,  and 
stress  is  locally  well  above  the  failure  point  of  the 
included  clasts.  Assumptions  of  sufficient  confining 
pressures  are  difficult  to  evaluate  because  frictional 
forces  at  the  base  of  temperate  glaciers  create  a 
semi -aqueous  environment  in  which  limited  mobility  is 
possible.  In  addition,  in  the  majority  of  cases,  failure  of 
a  specimen  is  confined  to  the  extreme  edge,  resulting  in 
crushed  and  abraded  edges  of  clasts. 

The  predictions  for  flaking  of  brittle  solids  following 
the  high-energy  model  are  1)  a  high  proportion  of  steep  to 
obtuse  angled  removals,  2)  a  high  proportion  of  stepped  and 
hinged  terminations,  particularly  on  the  larger  flakes,  and 
3)  location  of  at  least  a  small  percentage  of  flake  removals 
from  free  surfaces  and  ridges  as  opposed  to  edges. 
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In  addition,  a  horizontal  vector  is  supplied  in  the 
sub-glacial  environment.  This  movement  creates  additional 
mi cromorphologi ca 1  features  such  as  striations  or  scratches 
and  pressure  cones.  Obviously,  where  these  features  overrun 
flake  scars,  or  the  ventral  surface  of  flakes,  a  glacial 
origin  for  the  flake  or  a  flake  scar  may  be  inferred.  It 
must  be  recalled,  however,  that  not  all  specimens 
transported  by  the  glacier  will  necessarily  be  striated.  In 
addition,  other  mechanisms  of  transport  (e.g.,  fluvial)  have 
been  been  shown  to  produce  striated  surfaces  ( Judson  and 
Barks  1961). 

Fluvial  Transport 

The  downstream  size  reduction  of  stone  clasts  through 
fluvial  transport  has  long  been  of  major  concern  to 
geologists,  and  an  impressive  array  of  published  literature 
exists  on  the  subject.  However,  much  of  this  literature  is 
not  relevant  for  this  study  since  it  deals  primarily  with 
the  end-products  of  abrasive  and  attritional  processes,  by 
which  time  microflaking  features  have  been  erased  through 
the  rounding  of  edges.  Nonetheless,  a  certain  amount  of 
observational  and  experimental  literature  does  exist  that  is 
useful  for  designing  models  of  particle  movement  and 
attrition  in  these  environments. 

Virtually  no  evidence  exists,  either  experimental  or 
empirical,  on  which  to  base  an  evaluation  of 
macro-alterations  in  fluvial  environments.  Because  of  the 
lack  of  data,  most  evaluations,  by  neccesity,  are  of  a 


i-S 


W  '- 

p‘t-<»*-.t'  >  '  ;  ” 

■  i 

■.r  - 

^  \( 

f  •> 

\ 

T 

kJ^  *  '* 

:  ^irtV'3' 

.  ^'v. '  .!  ’ 

4 

’>• 

“>  „  5  h  ••♦ 

■  1  &  '  4«r 

k 

r  ij  I 


'  -"i:: '‘.  ■  •• » } 


,  3'  ■  . 

''All- --'IT 


!«*•  .'W 


•I  * 


^  A  •’ 


-i  >z 


*  t  niK 

■  -A"  ' 


'T 


t'." .  1 ' 

■  .■  l 

*  c  i' 

t  V 

' 

.  "*  « 

r  i 

\'^'-  '* 

t  ' 

-’Dr.t  9 

M  ^ 

^  af'^  tr  1 

k*r» 

r  >>  '  /  ‘ 

1  ^  'i'. 

'*♦1  4  • 

nc  t 

I 

•  ►  -J"".  1 

vd 

bn  ^  >.'.'C,'3i 

t 

i.i 

‘0  • 

•IX  -■ 

..  v  '.c  n4 


-'«•*  , 


if  ^  f  ' 

.  i  I 


I'  c  V 


*4Ala^a^v> 


:) 


<11’  t  •  ^ 

^  '- a'-'  rYe^f  y^sAi 

i 

V9  .  ■  f  '  a^'* 


tT-' 


.  V 


-./t  ■v-^> 


In 


I  /'■ 


.  K  t:nP  •  j  4^>J-'I 

■--'. '*'-’^1  .  .  -  iVJ  .!C  2'. 

'■  '-■  -  'n' 


^  r 


...  ,^*., 


■■'r 


UiSO'id"  '>'ie  .  >fj  t 


■-  i  >■*'*, '  ■■ 

'*  ■  *  ,  ^ 

^  -  Vti  •  '-  -  ^  - 

•  r-* 

'  *  .  - 
.  I'y  ’■  -..^  ( 


,  ' 
vt  a 


I  >  'J.  f*. 

.  X  .t'  *■ 


fk 

L* 


,  (  'j 

r  ^  -’i '  r  I  r  ^r-  cil  dw ' 

^ '.  -.,!  ti 


i  a  nib  .*.?•■?  >  lAtl’vl 1  ^ ■ 

ixi_.  , 


*T  ^ 


.  ..kf 

m 


r 


’.^•’.  ‘  ), ''^i.  i*.: 

fir,  ^  ■  -  ..  n  ,i<j 

V  , 

,M;f  ■  nor  fii' 


wn  "V 

^i»  in 


-  /  S  . 

* 

drlT 


'  iilB- 


.y_ 


.  r  »•*  .  /4<  4S»i  -^.-ijr^iK?  ;i?. ,  ^  v  »>«  i  i  =i . 

■ '  \  :'*■  "'■  ■  •,  ■’'  ■*"■  .  ‘  ;  , 

'Iff.  t 


K  . 


.  ,  “  -  \  1  -  ■  !  f '  »  V 

drtr  /  ^  ►'  '-'f  i-  ?Ha.  -^ ‘ !  I.  ■< 

-'  '»V-  I  '  •  .  ,  ■’'  S  ^  .i  i*  , 


3 


c .  -.  ',a 


Ak' 


'  .*  ,  ^  *4  7*  ii-  ^  '  f  r* 

■•J*  ^ 

,  !i  to.. 


*  ki 


a 


■  .  '  ''ni.'f/  ■■  '•■ 


.  41.4,  ■  ... 


91 


negative  nature  (i.e.,  because  it  hasn't  been  observed  it 
must  not  occur  with  great  regularity). 

In  the  opinion  of  many  early  researchers  interested  in 
the  'eolithic'  problem  (Pei  1936,  Breui 1  1959,  Warren  1914), 
the  majority  of  alteration  by  fluvial  transport  was  limited 
to  various  micromorphological  alterations.  Clark  (1958),  in 
his  study  of  naturally  fractured  clasts  from  the  BatoKa 
Gorge  (Rhodesia),  was  able  to  conclude  with  confidence  that 
fractured  clasts  in  the  river-bed  were  caused  by  falling 
from  great  heights,  rather  than  riverine  transport.  From  his 
study,  he  was  led  to  the  conclusion  that  "it  is  hard  to 
understand  how  water  action  could  itself  remove  even 
aver  age- s  i  zed  flakes  lA/ith  any  consistency,  though  secondary 
nibbling  or  'trimming'  is  certainly  being  produced  in  this 
way  once  there  is  a  sharp  edge  for  the  river  to  work  on 
(Clark  1958:  70)  . 

Carter  (1967)  has  long  been  interested  in  the  role  of 
moving  water  in  the  fracture  of  rocks  with  special  reference 
to  claims  of  natural  fracture  at  the  Texas  Street  site. 
Through  survey  of  the  fluvial  transport  literature  (cf. 
Kuenan  1956)  and  by  personal  observation,  he  would  conclude 
that  fluvial  action  is  not  a  viable  alternative  explanation 
for  concentrations  of  flakes  and  flaked  stone  in  even  coarse 
fluvial  gravels: 

It  seems  safe  to  conclude  that  flaking  of  stone  does 
not  normally  occur  by  stream  action,  and  that  the 
rare  instances  are  due  to  coincidence  of  extreme 
energy  situations  such  as  waterfalls  coinciding  with 
a  weak  or  very  brittle  rock  (Carter  1975:  14). 
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My  own  observations  on  macro-alterations  to  stone 
clasts  in  streams  are  reported  in  Appendix  I.  Extrapolation 
of  results  from  the  Savage  River  study  are  difficult  because 
of  differences  in  stream  velocity  and  other  variables. 
However,  the  study  generally  supports  the  ideas  expressed  by 
Carter  and  Clark  regarding  the  low  frequency  and  magnitude 
of  fracturing  in  streams  (if  the  qualifications  regarding 
the  study  are  valid). 

D.  Excavation  Procedures 

Dr.  Bruce  Raemsch  had  conducted  excavations  of  large 
areas  of  Timlin  Locus  1-C  (Figure  7)  during  three  field 
seasons.  Throughout  these  previous  excavations  only  those 
specimens  were  saved  which  appeared  to  be  the  result  of 
human  manufacture.  During  subsequent  excavations  under  the 
direction  of  Alan  Bryan  and  Ruth  Gruhn  from  the  University 
of  Alberta  all  siliceous  siltstone  or  chert  clasts  were 
recovered  and  saved  in  level  bags  for  comparative  purposes. 
Throughout  all  field  seasons,  excavation  was  with  rock 
hammer  and  trowel.  Due  to  the  high  clay  content  of  the 
matrix,  dry  screening  procedures  were  not  carried  out. 
However,  during  the  1980  field  season,  portions  of 
excavation  units  were  wet-screened  through  window  screen  in 
order  to  obtain  a  sample  of  smaller  sized  clasts  and/or 
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TiMLIN 

LOCALITY 


1972 


Excavation  boundary 
accurrate,  approximate 

Contour  line 
Stream 


1979-1980 


50  ft 


Figure  7.  Timlin  site  map. 
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E,  Description  of  Specimens 

Those  specimens  from  the  Timlin  site  of  possible 
artificial  status  consist  of  chert  and  silicified  siltstone 
flakes,  two  bi faces,  and  five  cores  and/or  core  fragments. 
In  addition,  a  number  of  possible  flake  fragments  were 
recovered.  Flakes  consist  of  those  specimens  exhibiting 
striking  platforms  and  bulbs  of  percussion  (Plate  1):  and 
also  including,  on  some  specimens,  ripple  marks,  hackles, 
and  erai lures.  Distal  flake  fragments  are  primarily 
recognized  by  the  presence  of  ripple  marks,  ribs,  and 
hackles.  Cores  and  core  fragments  consist  of  those  specimens 
lacking  flake  features  and  exhibiting  a  number  of  acute 
angled  flake  scars  on  their  dorsal  surface  (Figure  8). 

The  tentatively  identified  artifact  assemblage 
contrasts  markedly  with  numerous  other  chert  and  siliceous 
siltstone  specimens  in  the  terrace  gravels  because  natural 
specimens  lack  flake  features  and  seldom  exhibit  evidence  of 
more  than  one  flake  removal.  Pseudo-cores  (natural  clasts 
with  flake  scars)  possess  very  rounded  and/or  heavily 
abraded  edges  and  the  flake  removals  have  not  resulted  in 
shaping  of  the  specimen  (Plate  2).  Finally,  several  of  these 
specimens  exhibit  striations  overrunning  the  flake  scar 
surface.  Definite  glacially  derived  flakes  were  initially 
identified  on  the  basis  of  the  presence  of  parallel 
striations  on  their  ventral  surface.  A  total  of  nine  flakes 
were  identified  in  this  manner  as  being  produced  through 
glacial  transport  (Plate  3).  However,  it  was  predicted  that 
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Plate  1.  Flakes  from  the  Timlin  site. 
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Figure  8.  Core  from  the  Timlin  site. 


Plate  2. 


Pseudo-cores  from  the  Timlin  site. 
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Plate  3. 


Natural  flakes  from  the  Timlin  site. 
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some  glacially  derived  flakes  would  go  unrecognized  due  to 
the  lack  of  striations  on  their  ventral  surfaces. 
Observations  on  Edge  and  Surface  Alterations 

Several  forms  of  surficial  alteration  occur  on  the 
dorsal  and  ventral  surfaces  of  the  tentative  artificial 
specimens.  These  alterations  include  patinas,  striations, 
edge  and  ridge  rounding,  and  flaking  and  crushing  of  ridges 
and  edges . 

All  siliceous  siltstone  specimens,  either  cultural  or 
natural,  exhibit  a  brown  patina  which  is,  in  some  cases, 
"polished”  to  a  high  gloss.  The  formation  of  the  brown 
patina  from  a  blueish  unweathered  core,  is  clearly  a 
chemical  phenomenon,  involving  the  oxidation  of  ferric 
compounds  forming  part  of  the  mi nera logi ca 1  makeup  of  this 
lithology  (Rottlander,  1975).  For  reasons  that  are  unclear 
at  present,  there  exists  considerable  variability  in  the 
degree  of  patination  both  between  specimens  and  on  altered 
and  unaltered  surfaces  of  the  same  specimens.  Variability 
between  specimens  is  most  likely  due  to  differences  in  the 
amount  of  iron  compounds  present.  Differences  in  degree  of 
patination  on  individual  specimens  is  more  difficult  to 
evaluate,  but  probably  results  from  differential  exposure  to 
the  elements.  In  some  cases,  patinated  flaked  surfaces  are 
somewhat  darker  than  the  more  intensely  weathered  cortical 
surfaces . 

The  mechanism  involved  in  the  polishing  of  the  surfaces 
of  some  specimens  is  also  difficult  to  determine,  but  it  is 
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exceedingly  relevant  to  proper  interpretation  of  the  history 
of  specimens.  Two  processes,  wet  sand-blasting  and/or 
chemical  solution  weathering,  are  likely  causes  of  this 
phenomenon.  If  it  can  be  demonstrated  that  the  glossy 
surface  of  some  specimens  is  due  to  fluvial  transport,  then 
differential  polishing  could  result  from  variable  lengths  of 
exposure  to  moving  water.  If,  on  the  other  hand,  the  gloss 
is  due  to  solution  and  precipitation  of  silica  in  cavities, 
then  differential  weathering  might  be  due  to  longer  time  of 
bur i a  1 . 

Striations  are  present  on  the  majority  of  siliceous 
siltstone  level  bag  specimens,  and  on  many  cortical  surfaces 
of  flakes  (e.g..  Figure  9).  The  chert  specimens,  on  the 
other  hand,  exhibit  striated  surfaces  in  only  a  very  few 
instances.  Clearly,  this  fact  results  from  the  greater 
hardness  of  the  cherts;  and,  whereas  cherts  are  capable  of 
striating  the  "softer"  siltstones,  they  themselves  are  more 
resistant.  Glacial  striations  on  the  level  bag  specimens  and 
flake  cortical  surfaces  are  significant  because  their 
preservation  argues  against  a  lengthy  exposure  to  fluvial 
attritional  processes.  If  the  clasts  had  been  exposed  for 
very  long  period  to  wet  sand-blasting,  most  of  the 
striations  would  no  longer  be  visible. 

Edge  and  ridge  wear  consists  primarily  of  rounding, 
mi crof 1 aki ng ,  and  crushing.  Crushing  is  restricted  to  ridges 
of  flakes.  Rounding  of  ridges  and  edges  is  variable  in 
distribution  on  different  specimens.  The  same  interpretive 
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Figure  9.  Large  flake  with  striated  dorsal  surface. 
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dilemma  of  gloss  applies  to  edge  and  ridge  rounding  because 
either  solution  and/or  fluvial  abrasion  are  capable  of 
producing  this  phenomenon.  Crushing,  restricted  to  the 
ridges  of  flakes  and  present  only  on  the  edges  of  level  bag 
clasts,  is  clearly  related  to  glacial  transport.  The 
interpretation  of  microflaking  of  ridges  and  edges  is  more 
difficult.  If  the  specimens  are  in  fact  man-made,  then 
glacial  abrasion  could  be  ruled  out.  As  will  be  shown  later, 
fluvial  action  may  be  largely  responsible  for  the  majority 
of  mi cro- f 1 aki ng  exhibited  on  flake  edges.  Ridge 
microflakes,  are  in  all  probability  due  to  fluvial 
tr anspor  t . 

Character ist ics  of  the  Level  Bag  Specimens 

Of  the  total  collection  of  level  bag  specimens,  421 
were  examined  from  the  standpoint  of  lithology,  shape, 
metric  characterization  and  weight.  This  number  consists  of 
approximately  half  of  the  available  specimens.  The  selection 
of  specimens  for  examination  approximates  a  random  sample  as 
level  bags  were  selected  haphazardly  from  the  box  of  bags, 
and  the  contents  of  each  bag  was  examined  completely. 

From  those  level  bags  examined,  421  chert  or  siliceous 
siltstone  clasts  were  recorded.  To  arrive  at  this  figure,  70 
level  bags,  representing  all  natural  clasts  of  chert  or 
siliceous  siltstone  recovered  within  a  1x2  m,  10cm  level, 
were  examined.  Thus,  a  mean  of  approximately  six  natural 
clasts  were  recovered  per  10cm  level. 
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Chert  was  the  dominant  lithology  present  in  the 
collection,  accounting  for  51%  of  the  sample  (Table  2). 
However,  from  the  standpoint  of  the  production  of  natural 
flakes,  the  high  proportion  of  cherts  is  somewhat  misleading 
in  that  the  majority  of  these  specimens  are  relatively  small 
fragments,  too  small  to  serve  as  a  source  for  the  production 
of  flakes  in  the  Timlin  collection.  The  size  of  these 
fragments  is  most  certainly  a  property  of  the  original  size 
of  the  nodules  in  the  Onondaga  and  Helderberg  formations,  as 
well  as  the  presence  of  many  internal  flaws  in  these 
specimens  leading  to  numerous  structural  weaknesses.  This 
latter  factor  causes  the  chert  nodules  commonly  to  fracture 
along  the  internal  flaws  into  angular  fragments  instead  of 
fracturing  conchoida 1 ly . 

Table  3  provides  comparative  distributional  data  for 
weights  of  the  two  lithologies.  The  mean  of  the  population 
of  siliceous  siltstone  specimens  is  nearly  twice  that  of  the 
chert  clasts.  By  way  of  comparison,  the  mean  weight  of 
flakes  from  the  population  of  possible  humanly-struck  flakes 
is  approximately  66  gms .  As  the  average  weight  of  flakes 
exceeds  the  average  weight  of  the  natural  clasts,  the 
majority  of  natural  clasts  are  simply  too  small  to  have 
served  as  the  cores  from  which  the  flakes  were  removed. 

Level  Bag  Flake  Scans 

Several  authors  have  published  data  comparing  the 
flaking  angle  (Wilmsen's  angle  Beta)  of  naturally  and 
humanly  flaked  stone  clasts  (e.g.,  Barnes  1939,  Taylor  and 
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Raw  fViaterial  FreqiJencies 


Re  1  at i ve 

Adjusted 

Cum 

Abso  1  Lite 

F  req 

F  r  ec 

Freq 

L  i  t,  ho  1  ogy 

F  req 

(Pet) 

'  Pet  ) 

(  Fct ) 

Indetermi nate 

1 

0,2 

0 . 2 

0.2 

Si  1 1 stone 

79 

18.8 

18.8 

1  9 . 0 

Cher  t 

341 

81.0 

8 1  .  0 

100.0 
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Payen  1979,  Reeves  1980,  Wi Imsen  1970,  Phagen  1976).  For 
reasons  discusssed  previously,  this  concentration  upon  a 
single  attribute  is  considered  insufficient  for  the  purposes 
of  distinguishing  human  from  natural  flaking.  Therefore,  it 
was  decided  to  observe  values  of  the  following  additional 
attributes:  1)  flake  termination,  2)  shape,  3)  length  and 
width  parameters,  and  4)  place  of  origin  of  the  proximal  end 
of  the  flake  scar  (on  an  edge  versus  the  surface  of  the 
clasts) . 

The  following  criteria  were  used  to  determine  which 
flake  scars  were  to  be  observed:  1)  the  entire  negative 
flake  scar  must  be  present,  from  initiation  to  termination, 
and  2)  flake  scar  length  must  exceed  1  cm  in  length.  The 
cut-off  point  of  1  cm,  while  perhaps  somewhat  arbitrary, 
provides  a  degree  of  comparability  in  observations  to  other 
studies  where  a  similar  cutoff  point  was  employed  (Barnes 
1939:  Taylor  and  Payen  1979).  In  addition,  the  collection  of 
flakes  from  the  Timlin  site  does  not  include  flakes  in  the 
less  than  1  cm  in  length  category. 

For  this  analysis,  the  total  collection  of  level  bags 
was  examined,  yielding  66  clasts  exhibiting  one  or  more 
flake  scars  with  the  appropriate  characteristics  (Plate  4). 
From  these  clasts,  a  total  of  99  flake  scars  were  recorded, 
yielding  an  average  of  1.5  flake  scars  per  clast.  Of  these 
clasts,  39  were  chert  and  27  were  siliceous  siltstone. 
Flowever  ,  the  siliceous  siltstone  specimens  tended  to  possess 
more  flake  scars  per  clast  than  the  chert  specimens 
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Plate  4. 


Flaked  level  bag  cl  as 
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(siliceous  s i 1 tstone= 1 . 8  scars/clast;  chert=1.2 
scars/cl ast ) . 

The  breakdown  of  observed  flake  scars  by  lithology  is 
presented  in  Table  4.  From  these  results  it  is  apparent  that 
while  chert  is  the  dominant  lithology  present  in  the 
deposits,  flake  scars  of  the  appropriate  dimension  and 
morphology  were  produced  with  greater  frequency  on  siliceous 
siltstone  specimens.  Again,  this  observation  undoubtedly 
relates  more  to  the  inherent  friability  of  chert  clasts  and 
their  tendency  to  shatter  along  planes  of  weakness  rather 
than  producing  conchoidal  fractures,  than  to  the  greater 
" f 1 akeabi 1 i ty "  of  the  siliceous  siltstone  clasts. 

Descriptive  statistics  for  length  and  width  attributes 
of  level  bag  flake  scars  are  presented  in  Table  5.  The  means 
for  these  attributes  are  relatively  small  (1.696  and  2.221 
for  length  and  width  respectively).  However,  the  maximum 
values  of  over  6  cm  in  both  dimensions  are  of  comparable 
size  to  many  of  the  flakes  included  in  the  Timlin 
collection.  The  length  x  width  index  present  in  Table  5, 
providing  a  gross  estimate  of  flake  surface  area,  will  be 
valuable  for  comparison  with  a  similar  index  calculated  for 
the  proposed  population  of  humanly  struck  specimens.  The 
length/width  index,  on  the  other  hand,  indicates  proportions 
of  linearity  or  squatness  of  the  flake  scars,  with  the  value 
of  2  being  traditionaly  defined  as  the  lower  limit  for  the 
definition  of  a  blade.  From  the  descriptive  statistics 
(Table  5)  it  is  evident  that  the  majority  of  flakes  are 
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Table  4 


Numbers  of  Flake  Scars  on  Level  Bag  Lithologies 


Relative  Adjusted  Cum 


Abso lute 

F  req 

Freq 

Freq 

Category  Label 

F  req 

(pet) 

( pet ) 

(pet ) 

Si  1 tstone 

51 

51  .5 

51  .5 

51  .5 

Cher  t 

48 

48.5 

48.5 

100.0 

Total 

99 

100.0 

100.0 
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somewhat  wider  than  long,  with  very  few  specimens  being 
" b 1 ade- 1 i Ke"  in  proportions.  The  descriptive  statistics  can 
be  summarized  more  visually  by  an  examination  of  the  flake 
scar  shape  categories  in  Table  6.  In  this  table  it  is  shown 
that  approximately  9%  of  the  flakes  are  paral lei -sided ,  with 
the  majority  falling  into  the  category  of  flake  scars  with 
the  maximum  width  occurring  at  the  extreme  distal  end.  The 
low  frequency  of  paral lei -sided  flake  scars  is  most  readily 
explained  by  the  lack  of  previous  flake  scar  ridges  to  guide 
the  path  of  subsequent  flakes. 

The  frequency  of  observed  flake  termination  types  is 
presented  in  Table  7.  The  distribution  illustrated  in  this 
table  provides  a  rather  striking  pattern  of  slightly  over 
70%  of  the  flake  scars  possessing  either  hinged  or  step 
terminations.  In  controlled  human  flaking  one  generally 
expects  the  craftsmen  to  produce  a  higher  percentage  of 
feather  terminated  flakes.  The  presence  of  a  high  proportion 
of  hinge  and  step  terminations  can  be  used  to  infer 
inadequate  force  amounts,  an  improper  direction  of  force 
application  ( Phagen  1976:  Crabtree  1972),  or,  in  the  case  of 
step  fractures,  impurities  or  lines  of  weakness  in  the 
clasts. 

Descriptive  statistics  for  interval  level  measurements 
and  the  frequencies  of  the  variable  angle  in  10  degree 
increments  are  presented  in  Table  8.  The  mean  value  for  the 
attribute  of  flaking  angle  compares  very  favorably  with  mean 
values  presented  by  Taylor  and  Payen  (1979)  and  Barnes 
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Table  6 


Flake  Scar  Morphology  for  Level  Bag  Clasts 

Relative  Adjusted  Cum 


Category  Label 

Absolute 

Freq 

F  req 
(pet ) 

F  req 
(pet ) 

Freq 
( pet ) 

1 r regu 1 ar 

5 

5.  1 

5.1 

5.  1 

Distal  End  Widest 

67 

67.7 

67.7 

72.7 

Rectangu 1 ar 

3 

3.0 

3.0 

75.8 

Spatul ate 

13 

13.1 

13.1 

88.9 

Par a  1 1 e 1 

9 

9.  1 

9.  1 

98.0 

Expanding 

2 

2.0 

2.0 

100.0 

TOTAL 

99 

100.0 

100.0 

Table  7 


F  1  ake 

Termi na t i ons 

for  Level 

Bag  Clasts 

Rel at i ve 

Adjusted 

Cum 

Absolute 

F  r  eq 

Freq 

Freq 

Category 

Label  Freq 

( pet ) 

(pet ) 

( pet ) 

Hinge 

33 

33.3 

33.3 

33.3 

Step 

37 

37.4 

37.4 

70.7 

Feather 

22 

22.2 

22.2 

92.9 

Off  Edge 

7 

7.  1 

7.  1 

100.0 

Total  99  100.0  100.0 


Table  8 


Platform  Angle 


Angle  in  Degrees 

Absolute 

Freq 

Relative 
Freq 
( pet ) 

Adjusted 

F  req 
( pet ) 

Cum 
Freq 
( pet ) 

40“  to  50“ 

2 

2.0 

2.0 

2.0 

50“  to  60“ 

3 

3.0 

3.  1 

5.  1 

60“  to  70“ 

4 

4.0 

4.  1 

9.2 

70“  to  80“ 

12 

12.  1 

12.2 

21.4 

80“  to  90° 

19 

19.2 

19.4 

40.8 

90“  to  100“ 

24 

24.2 

24.5 

65.3 

100“  or  greater 

34 

34.3 

34.7 

100.0 

indetermi nate 

1 

1  .0 

Mi ssi nq 

100.0 

TOTAL 

99 

100.0 

100.0 

Mean  (94.86  degrees)  Minimum  (43  degrees)  Maximum 
(158  degrees)  Std.  Dev.  (90.95) 
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(1939),  and  is  even  a  bit  higher.  Further,  the  percentage  of 
specimens  exhibiting  angles  of  90  degrees  or  greater  is 
quite  comparable  (34.7  degrees).  Thus  the  empirical 

generalization  devised  by  Barnes  for  this  context  is  further 
strengthened  by  the  Timlin  site  level  bag  analysis. 
Differences  in  Flake  Scars  by  Lithology 

Because  there  might  exist  differences  in  the  kinds  of 
flakes  produced  due  to  structural  and  mineralogial 
differences,  it  was  decided  to  compare  the  values  of  each  of 
the  recorded  attributes  for  the  two  different 
1 i thologies ( Tables  9-15).  From  the  tables  comparing  the 
relative  frequency  percentage  of  specimens  for  the 
attributes  analyzed,  it  appears  that  the  Kinds  and 
dimensions  of  flakes  produced  are  roughly  similar  for  all 
attributes  except  flake  terminations.  For  this  attribute, 
chert  flake  scars  possess  a  relatively  higher  percentage  of 
step  and  feather  terminations  with  a  correspondingly  lower 
percentage  frequency  of  hinge  fractures.  The  reasons  behind 
this  observed  discrepancy  are  not  immediately  obvious, 
particulary  in  the  case  of  the  increased  feather 
terminations.  The  explanation  for  the  relatively  higher 
occurrence  of  step  terminations  in  the  case  of  the  chert 
clasts  is  probably  related  to  internal  flaws  in  the  nodules. 
Natural  Flakes  From  the  Timlin  Site 

Analysis  of  flake  scars  on  the  level  bag  clasts 
indicate  that  in  many  cases  flakes  were  removed  periodically 
during  the  transport  of  these  chert  and  siliceous  siltstone 
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Table  9 


Flake  Scar  Angle  for  Si  Its  tone  Clasts 


Relative 

Adjusted 

Cum 

Absolute 

Freq 

Freq 

Freq 

Category  Label 

Freq 

(pet ) 

( pet ) 

(pet ) 

40”  to  50° 

1 

2.0 

2.0 

2.0 

70“  to  80” 

5 

9.8 

10.0 

12.0 

80“  to  90“ 

8 

15.7 

16.0 

28.0 

90“  to  100“ 

14 

27.5 

28.0 

56.0 

100“  or  Greater 

22 

43.  1 

44.0 

100.0 

Indetermi nate 

1 

2.0 

Missing 

100.0 

Total 

51 

100.0 

100.0 

Table  10 

Flake  Scar  Morphology 

for  Siltstone  Clasts 

Relative 

Adjusted 

Cum 

Absolute  Freq 

Freq 

Freq 

Category  Label 

Freq 

(pet) 

( pet ) 

(pet ) 

I rregu 1 ar 

4 

7.8 

7.8 

7.8 

Distal  End  Wide 

st  36 

70.6 

70.6 

78.4 

Rectangu 1 ar 

2 

3.9 

3.3 

82.4 

Spatu late 

2 

3.9 

3.9 

86.3 

Para  1  lei 

6 

11.8 

11.8 

98.0 

Expanding 

1 

2.0 

2.0 

100.0 

Total  51  100.0  100.0 


Table  11 


Flake  Scar  Terminations  for  Siltstone  Clasts 


Category 

Label 

Absolute 

Freq 

Relative 
Freq 
(pet ) 

Adjusted 
Freq 
( pet ) 

Cum 

F  req 
( pet ) 

Hinge 

23 

45.  1 

45. 1 

45.  1 

Step 

17 

33.3 

33.3 

78.4 

Feather 

9 

17.6 

17.6 

96.  1 

Off  Edge 

2 

3.9 

3.9 

100.0 

Total 

51 

100.0 

100.0 
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Table  12 

Flake  Scar  Angle  for  Chert  Clasts 


Relative 

Adjusted 

Cum 

Absolute 

Freq 

Freq 

Freq 

Category  Label 

F  req 

(pet ) 

(pet ) 

( pet ) 

40“  to  50“ 

1 

2.  1 

2.  1 

2.  1 

50°  to  60“ 

3 

6.3 

6.3 

8.3 

60“  to  70° 

4 

8.3 

8.3 

16.7 

70“  to  80“ 

7 

14.6 

14.6 

31  .3 

80“  to  90“ 

1  1 

22.9 

22.9 

54.2 

90“  to  100“ 

10 

20.8 

20.8 

75.0 

100“  or  Greater 

12 

25.0 

25.0 

100.0 

Total 

48 

100.0 

100.0 

Table  13 

Flake  Scar  Morphology  for  Chert  Clasts 

Relative  Adjusted  Cum 


Category  Label 

Absolute 

F  req 

Freq 
( pc  t ) 

Freq 
( pet  ) 

Freq 

(pet! 

I r regu 1 ar 

j 

1 

2.  1 

2.  1 

2.  1 

Distal  end  widest 

31 

64.6 

64.6 

66.7 

Rectangu 1 ar 

1 

2.  1 

2.  1 

68.8 

Spatu 1  ate 

1  1 

22.9 

22.9 

91  .7 

Para  1  lei 

3 

6.3 

6.3 

97.9 

Expanding 

1 

2. 1 

2.  1 

100.0 

Total  48  100.0  100.0 


Table  14 


Flake  Terminations  for  Chert  Clasts 


Relative 

Adjusted 

Cum 

Absolute 

F  req 

F  r  eq 

Freq 

Category 

Labe  1 

Freq 

(pet) 

(pet } 

(pet ) 

H  i  nge 

10 

20.8 

20.8 

20.8 

Step 

20 

41  .7 

41  .7 

62.5 

Feather 

13 

27.  1 

27.  1 

89.6 

Off  Edge 

5 

10.4 

10.4 

100.0 

Total 

48 

100.0 

100.0 
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clasts  from  some  unknown  locality  to  their  eventual 
deposition  in  tills  near  the  Timlin  site.  From  this 
observation  it  is  logical  to  assume  that  some  of  these 
flakes  will  be  present  in  the  tills  and  redeposited  till 
sediments.  Given  that  flake  removal  was  a  random  process 
(i.e.,  it  did  not  occur  with  greater  frequency  in  some 
environmental  situations  than  in  others)  it  is  probable  that 
natural  flakes  would  show  considerable  variability  in  the 
degree  of  subsequent  mechanical  abrasion. 

The  recognition  of  those  flakes  definitely  produced 
during  glacial  transport  rests  upon  the  presence  of 
striations  on  the  ventral  surface  of  flakes.  From  the  Timlin 
site  collection  sample  a  total  of  nine  flakes  of  siliceous 
siltstone  were  discovered  exhibiting  striations  on  their 
ventral  surface.  Less  certain  identification  of  natural 
flakes  was  made  on  the  basis  of  shape,  termination,  and 
dorsal  surface  attributes  as  suggested  by  the  analysis  of 
level  bag  flake  scars.  In  this  category,  a  total  of  seven 
flakes  were  identified,  giving  a  total  of  16  tentatively 
identified  natural  flakes.  It  should  be  emphasized  at  this 
point  that  while  the  definite  naturally  flaked  specimens 
were  not  included  in  the  following  technological  analysis, 
the  tentative  natural  flakes  were,  as  they  could  not  be 
confidently  separated  from  the  remainder  of  the  collection 
on  the  basis  of  independent  attributes. 
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Characteristics  of  the  Natural  Flakes 

By  comparison  to  the  proposed  humanly  struck  flakes  the 
dimensions  (length,  width,  thickness)  of  the  natural  flakes 
are  rather  small  (Table  16).  Similarly,  the  means  for  the  3 
flake  indexes  are  consistently  smaller.  However,  the  values 
for  these  variables  compare  favorably  with  those  obtained 
from  the  flake  scar  analysis  of  the  level  bag  clasts. 
Proximal  End  Attributes 

Distributional  data  for  attributes  of  platform 
surface  and  platform  preparation  scars  are  presented  in 
Tables  17  and  18.  Although  the  sample  size  is  extremely 
small,  it  is  apparent  that  the  majority  of  the  specimens 
exhibit  cortical  platform  surfaces,  or  surfaces  that 
have  been  crushed  and  hinged  (in  this  case)  by 
mechanical  abrasion  of  the  edge  of  the  parental  nodule. 
Perhaps  not  suprisingly,  two  specimens  exhibit 
pseudo-platform  preparation  scars.  The  crushing  and 
hinging  is  very  characteristic  of  the  crushed  edges  of 
many  of  the  the  level  bag  nodules  and  the 
pseudo-platform  preparation  simply  reflects  edge 
crushing  on  what  was  to  become  the  proximal  end  of  a 
flake.  The  small  flake  scars  on  the  proximal  dorsal 
surface  may  relate  to  post -detachment  damage  in  fluvial 
transport  or  damage  that  occurred  prior  to  the  removal 
of  the  flake. 

Flaking  angle  measurements  on  the  natural  flakes 
correlate  nicely  with  the  angles  from  the  level  bag 
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Table  17 


Platform  Surface  for  Natural  flakes 


Category  Label 

Absolute 

Freq 

Relative 

Freq 

(pet) 

Adjusted 
Freq 
(pet ) 

Cum 
Freq 
(pet ) 

Indetermi nate 

2 

22.2 

22.2 

22.2 

Cor  tex 

6 

66.7 

66.7 

88.9 

Crushed  and  Hinged 

1 

11.1 

11.1 

100.0 

Total 

9 

100.0 

100.0 

Table  18 

Platform  Preparation  Scars  for  Natural  Flakes 


Category  Label 

Absolute 

F  req 

Relative 

F  req 
( pet ) 

Adjusted 

F  req 
( pet ) 

Cum 
Freq  ^ 
(pet) 

Indetermi nate 

1 

11.1 

11.1 

11.1 

No  Scars 

6 

66.7 

66.7 

66.7 

1  to  3  Scars 

1 

11.1 

11.1 

88.9 

Mass  of  Hinges 

1 

11.1 

11.1 

100.0 

Total 

9 

100.0 

100.0 
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flake  scars,  as  well  as  other  published  data  referred  to 
previously  (Table  19).  Although  the  sample  size  is  too 
small  to  employ  descriptive  statistics  usefully,  it  is 
obvious  from  a  visual  inspection  of  Table  19  that  a 
large  number  of  the  specimens  possess  angles  greater 
than  90  degrees,  with  a  mean  in  the  89-90  degree 
i nterva 1 . 

Termi nations 

From  the  analysis  of  the  level  bag  flake  scars  one 
would  expect  a  high  frequency  of  either  step  or  hinge 
terminations.  Unfortunately,  terminations  were 
indeterminate  on  the  majority  of  specimens  due  to 
snapping  of  the  lateral  distal  portions.  However,  this 
observation  is  significant  in  that  it  supports  the 
hypothesis  of  mechanical  attrition  of  the  edges  of 
flakes  transported  in  glaciers.  Nonetheless,  three  of 
nine  specimens  exhibit  either  hinged  or  stepped 
terminations  (Table  20). 

Dorsal  Surface  Morphology 

An  attribute  measuring  the  occurrence  of  cortex  on 
the  dorsal  surface  of  natura 1 1 y- f 1 aked  specimens  is 
somewhat  redundant  because,  by  definition,  cortex  refers 
to  cortical  surface  material  that  was  not  exposed 
through  human  activity.  Therefore,  by  definition  all 
specimens  exhibit  100%  cortex  on  their  dorsal  surface. 
The  same  reasoning  holds  true  for  the  flake  scars 
present  on  the  dorsal  surface  of  several  specimens, 
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Table  19 

Taking  Angle 

Values  for 

Natural 

F 1 akes 

Absolute 

Relative 

Cum 

Freq 

F  req 
(Pet) 

Freq 
(  Pet ) 

to  80° 

1 

12.5% 

12.5% 

to  90° 

4 

50 . 0% 

62.5% 

to  100° 

o 

37.5% 

100.0% 

Iota  1 

8 

100.0% 

Table  20 


Flake  Terminations  for  Natural  Flakes 


Relative 

Adjusted 

Cum 

Absolute 

Freq 

Freq 

F  req 

Category  Label 

Freq 

(pet ) 

(pet ) 

( pet ) 

Indeterminate 

5 

55.6 

55.6 

55.6 

Feather 

1 

11.1 

11.1 

66.7 

Stepped 

1 

11.1 

11.1 

■  77.8 

Hinged 

2 

22.2 

22.2 

100.0 

Total 

9 

100.0 

100.0 

Table  21 

Dorsal  Surface  Scars  on 

Absolute 

Category  label  Freq 

Natural 

Relative 

F  req 
(pet) 

F 1 akes 

Adjusted 
Freq 
(pet ) 

Cum 
Freq 
(pet ) 

None 

4 

44.4 

44.4 

44.4 

One  Scar 

4 

44.4 

44.4 

88.9 

Three  Scars 

1 

11.1 

11.1 

100.0 

Total 

9 

100.0 

100.0 
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though  in  this  case  recording  of  this  attribute  is 
significant  in  terms  of  a  comparison  with  the  proposed 
humanly  struck  flakes  in  the  Timlin  collection.  From 
Table  21,  it  is  clear  that  the  presence  of  dorsal 
surface  flake  scars  is  not  unexpected  on  naturally 
produced  flakes. 

F.  Discussion 

The  preceding  analysis  of  natural  flakes  and  flake 
scars  on  level  bag  clasts  indicates  several  important  trends 
in  particular  attributes  that  are  significnt  in  terms  of 
distinguishing  glacially  produced  flakes  from  those  produced 
by  humans.  However,  it  must  be  borne  in  mind  that  none  of 
these  attributes  or  attribute  states  are  mutually  exclusive 
to  either  human  or  glacial  flaking. 

Firstly,  this  analysis  adds  further  empirical  support 
to  Barnes's  generalization  regarding  distributions  of  values 
for  angles-pl atform  scar  measurements.  As  suggested  earlier, 
a  high  percentage  of  obtuse  measurements  is  expected  in  a 
very  high  energy,  low  velocity  sub-glacial  environment. 

In  addition,  where  a  large  number  of  whole  flakes  are 
present,  flake  terminations  would  appear  to  be  a  powerful 
attribute  in  distinguishing  glacial  flakes  from  human 
flakes.  However,  it  is  possible  that  high  percentages  of 
right  angle  terminations  (hinge  and  step)  may  be  due  to 
other  causes  when  dealing  with  different  lithologies  or  very 
specialized  human  technologies. 
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Platform  attributes  confirm  the  expected  pattern  for 
natural  flaking  with  the  low  occurrence  of  platform  faceting 
or  psuedo-p 1  at  form  preparation  scars.  However,  it  was  shown 
that  even  in  as  small  a  sample  as  the  nine  natural  flakes  in 
the  Timlin  collection,  a  certain  amount  of  platform 
alteration  is  to  be  expected. 

Dorsal  surface  characteristics  (number  of  flake  scars 
and  percent  cortex)  proved  less  valuable.  If  glacial 
striations  overrunning  flake  scars  or  cortical  surfaces  were 
absent  it  would  be  difficult  to  assess  the  origin  of  these 
scars . 


G.  Flake  Analysis 

The  Timlin  site  collection  consists  of  128  identifiable 
flakes  and  flake  fragments  (Table  22).  Of  these  flakes,  108 
are  complete;  and  19  are  either  proximal,  distal,  or  lateral 
fragments . 

Raw  Materials 

The  lithological  breakdown  of  flakes  by  raw  material 
type  is  given  in  Table  23,  showing  that  the  dominant 
lithology  (86%)  of  the  flakes  is  brown  silicified  siltstone. 
Ten  percent  were  detached  from  brown  chert  nodules,  with  the 
remaining  specimens  consisting  of  black  silicified  limestone 
and  a  blue  chert.  The  source  of  the  black  silicified 
limestone  is  unknown  at  present;  but  it  is  assumed  that  this 
material,  as  well  as  all  other  lithologies  in  the  collection 
can  be  found  locally  in  fluvial  or  glacial  deposts. 
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Table  22 


Categories  of  Poss iblef acts 


Relative  Adjusted  Cum 


Category  Label 

Absolute 

Freq 

F  req 
(Pet) 

F  req 
(Pet) 

Freq 

(Pet) 

Indetermi nate 

6 

4.3 

4.3 

4.3 

Complete  Flake 

'  108 

77.7 

77.7 

82.0 

Proximal  Fragment 

6 

4.3 

4.3 

86.3 

Distal  Fragment 

10 

7 . 2 

7.2 

93.5 

Lateral  Fragment 

3 

2.2 

2.2 

95.7 

Core  Fragment 

1 

0.7 

0.7 

96.4 

Shatter 

4 

2.9 

2.9 

100.0 

Total 

139 

100.0 

100.0 

Table  23 

Raw  Material  Types  for  Possiblefacts 


Absolute 

Category  Label 

F  req 

Si  1 tstone 

86 

Cher  t 

10 

B 1 ack  Si  1 tstone 

2 

Blue  Chert 

2 

Total  100 


Relative 

Adjusted 

Cum 

Freq 

Freq 

Freq 

(Pet) 

(Pet) 

(  Pet ) 

86.0 

86.0 

86.0 

10.0 

10.0 

96.0 

2.0 

2.0 

98.0 

2.0 

2.0 

100.0 

100.0  100.0 
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The  greater  percentage  of  flakes  of  silicified 
siltstone  compared  to  their  rate  of  occurrence  in  the  level 
bag  specimens  (18.8%  siltstone,  81%  chert)  does  not  support 
a  random  fracture  model  of  natural  flaking.  These  data 
suggest  some  form  of  selection,  either  by  humans  or  some 
natural  process.  Of  course,  these  data  must  be  balanced  with 
the  rate  of  flaking  of  natural  nodules  where  chert  and 
siliceous  siltstone  are  approximately  equal  in 
representat i on . 

Metric  Description 

Descriptive  statistics  for  weight,  length,  width, 
thickness,  and  the  three  flake  indexes  are  presented  in 
Table  24.  These  data  provide  a  gross  statement  of  the  size  • 
distributions  for  these  variables,  and  are  valuable  in 
comparision  to  the  size  and  dimension  of  level  bag  flakes 
and  flake  scars. 

Descriptive  statistics  for  the  weight  variable  indicate 
a  mean  of  approximately  65  gm,  a  medium  sized  flake,  with  a 
range  of  476  gm  (from  2.2  gm  to  478.2  gm)  .  This  measurement 
indicates  that  from  small  to  extremely  large  flakes  (e.g., 
Figure  10)  are  included  in  the  sample.  The  skewness  value 
indicates  a  clustering  of  cases  to  the  right  of  the  mean. 

Length  and  width  distributions  indicate  near  normal 
distributions  around  a  mean  of  approximately  5  cm.  Means  for 
these  variables  contrast  sharply  with  those  from  the  level 
bag  flake  scars  (L=1.696;  W=2.22r).  In  addition,  the  maximum 
values  for  these  variables  (L=13.1):  W=11.7)  fall  well 
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3  cm 


Figure  10. 


Ventra  1 

Large  flake  in  the  Timlin  collection. 
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outside  the  range  for  these  variables  on  level  bag 
specimens . 

Descriptive  statistics  for  flaking  angle  are  presented 
in  Table  25.  Flaking  angles  for  Timlin  site  flakes  compare 
very  favorably  with  published  statistics  for  flaking  angles 
in  other  controlled  fracture  situations  (Taylor  and  Payen, 
1979;  p.  266) . 

Approximately  2.6%  of  the  flaking  angles  exceed  90 
degrees,  a  sufficiently  low  value  to  satisfy  the  Barnes 
criterion  for  human  workmanship.  Further,  the  level  bag  mean 
of  approximately  94.8  degrees  contrasts  sharply  with  the  64 
degree  mean  of  the  Timlin  site  flakes,  but  agrees  very 
nicely  with  published  distributions  for  flaking  angles  in 
natural  situations  (Taylor  and  Payen  1978:  p.  268-269). 

Useful  information  can  be  derived  from  three  other 
statistics  describing  flake  proportions.  Table  24  presents 
descriptive  statistics  for  the  L  x  W  index,  L/W  index  and 
the  flake  index.  The  length  x  width  index  provides  a  rough 
approximation  of  fracture  surface  area  and  is,  therefore, 
roughly  proportional  to  the  force  of  detachment  (Phagen, 
1976;  p  77).  By  itself,  this  index  is  not  particularly 
meaningful,  though  its  significance  can  be  estimated  when 
compared  wi th  L  x  W  values  from  other  published  sites.  The 
range  of  0.0  to  121  approximates  a  normal  distribution  as 
indicated  by  skewness  and  kurtosis  values.  This  distribution 
of  values  indicates  that  the  majority  of  flakes  are  fairly 
large,  but  ranging  between  small  and  very  large  flakes.  By 
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Table  25 


Flaking  Angle  Values 

for  Timl 

in  FI akes 

Relative 

Adjusted 

Cum 

Absolute 

F  req 

Freq 

Freq 

Category  Label 

Freq 

(Pet) 

(Pet) 

(Pet) 

20° 

to 

30° 

1 

0.9 

1  .0 

1  . 

30° 

to 

40° 

1 

0.9 

1  .0 

1  .9 

40° 

to 

50° 

6 

5.6 

5.6 

7.7 

50° 

to 

60° 

18 

16.7 

17.3 

25.0 

60° 

to 

70° 

36 

33.3 

34.6 

59.6 

70° 

to 

80° 

29 

26.9 

27.9 

87.5 

80° 

to 

90° 

10 

9.3 

9.6 

97.  1 

90° 

to 

100° 

2 

1  .9 

1  .0 

99.0 

100° 

and 

greater 

1 

0.9 

1  .0 

100.0 

I ndetermi nate 

4 

3.7 
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Total 

108 

100.0 

100.0 

r- 

i' 


.  f-'  ■ 

I  V 

t* 


, 

^  V 

jiTY;<^  1*4! 


V  j 


•  ■<■•- I  :W  fi 
‘‘(I 


,.-<.fv-  Js,  f®'V:.r-'- 


■ii. 


>S  *<dif  ^ 


7. 


-  -i 

^;.-/T-4'  : 


t  I  ^>t  ^  ryi-.  i 


*■ 

1^. 


r  / 


I  *.  '  • 


»^  'noA  V;‘,;c 

%  t 


J  *  ^ 


•T 


w.  f  I 

■  '.-  ^ 


^  .  V 


4  i^ 

*  ’T '» 

■■  ■  - 


i-  * 


c-  ■<  , 


■V  “.4^  - 


^noo 


’t: 


>«?'.'•  of  .<' 

■•:t  oi  ■> 


5 


v-j  ;. ii 


■"W» 


‘0^*:  ^of 

<?'/ 

7-’-i 

‘ij 


,  '»,  «£>■■■, 

■  «-. 

Ik  US 


^  T 


»J 


3 

■  ( 


!  ■  A 


f. 


>  > 


I 


■*'  I 

.;r;'r 


n 


SfBB:  *  \ 

>■*  ■“ 


■r 

■ti^' 


‘  •■  B,. ., 


-  ■:■■■  * 

.  ..  *  •■■'  f‘ 


Si>  ■> 

'  ,1 


.„.V  -‘IS^  ,^5:'-^^. 


\  *  i-'  ■■  ■ 


I 


.  T  ^■  > 


1^ 


nl 


'■‘■I 


137 


comparison  to  length  x  width  values  for  level  bag  flake 
scars,  the  mean  for  the  Timlin  proposed  human  collection  is 
very  near  the  maximum  value  for  natural  flake  scars 
presented  earlier. 

Similarly,  the  L  x  W  index  illustrates  that  Timlin 
flakes  are  consistently  longer  relative  to  width,  while 
level  bag  flake  scars,  in  the  majority  of  cases,  are  nearly 
rounded  or  squared. 

Flake  Index 

According  to  Phagen  (1976)  the  flake  index  should  give 
a  rough  estimate  of  the  degree  of  control  exerted  over 
fracture  variables.  However,  this  index  only  makes  sense 
when  compared  with  published  values  from  other  sites.  The 
flake  index  values  for  the  Timlin  site  compared  with  sites 
analyzed  by  Phagen  indicate  that  little  control  was  exerted 
over  fracture  variables  so  that  flake  thickness  is 
relatively  high  in  comparison  to  length  and  width 
parameters . 

The  remaining  groups  of  attributes  measure  or  describe 
characteristics  of  the  proximal  end,  distal  end,  the  dorsal 
surface,  and  ventral  surface.  Proximal  end  attributes 
provide  information  regarding  the  amount  of  surface 
preparation  prior  to  flake  removal  (platform  scars,  platform 
surface),  the  position  of  the  PFA  from  the  core  edge 
(platform  remnant  depth),  and  the  degree  of  isolation  of  the 
platform  (platform  remnant  width).  The  distal  end  attribute 
of  termination  used  in  this  study  is  significant  for  several 


■A 


''■■'t.  ■  ..  ■  Vs-  f4ii^ 


!<*wt 


ji^-”‘i*on^i 

v'-.  fn mrMT 

•V 

■r.'-**i  •  r-B 


•:t: 


j^’-V  *y 


cl 


■ ».'  c*  t  J  • 


-.A  -'S 


■«;  rVfr 


•J^WKT 

■*<j:  -  -- 


t  ' 


n'*r.i. 


-.ii 


■^7 

*1.  .  ■^. 

.s,,4 


i’  •  *,  ,  •<•  /«- 


■v^  ?''  j !'  iV 


r>-A^  i 


■u'ysif  .‘.1 

•4 


.:  ^  r 


--.vU  .  U'^ii 

‘-  '  .!  I  ’ 

j  •  r.r.f  hn  t ,  •’•I  i  < r'^'  V':^  •  5*s«^  I'.j^s 


.  r*^  » 


*  C  ^ ^  i  4 


i  ■>J 


li 


■%  '"* 

‘  y  f.  -  # 


2  , 


•2^-  r  -fo ' *,''•  • .:)  sji  ^  r  8>f 


■-»/ '  ■«•*.■?. 


T 


..i  >•* 


-bn.*  «ffj 

1,4' 

'  '  S  a 

*  *;'*  ■'’*  V «>tef  f*  ‘  l-aq  ,  j  j 

*1-  .  y  '  .  •  .  ,fii  .’j 

r-;  -rJ 


•A 


i. 


( 

^S;!"  .  •  t  '  -■ , 

^  '■  ■ 

ii^( 


fl'"  £*-i 


p  -4,  Tn'|r;'l 

►  '  I-'- 

■p,iat».,..4< 


:  .'I  1  - 


D'-- 


.••'I- 


-  'v  .  '‘■;i 


i  ^ 


.'ll 


.i-\ 


t . 


138 


reasons.  Flake  terminations  are,  to  a  certain  degree, 
indicative  of  the  proper  control  of  force  direction,  amount, 
and  placement.  Together  these  properties  consist  of  what 
VJarren  (1914)  referred  to  as  controlled  flaking.  Given  that 
the  knapper  does  not  intend  to  produce  hinged  or  step 
terminations,  then  the  frequency  of  feathered  terminations 
is  proportional  to  the  degree  of  control  exerted  over  the 
flaking  process.  Stepped  terminations  "may  indicate 
inadequate  force  amounts  delivered  with  an  outward 
component"  ( Phagen  1976:  51),  while  hinge  terminations 
indicate  an  inadequate  force  amount  to  achieve  a  feathered 
termi nation. 

Dorsal  surface  characteristics  (percent  of  remaining 
cortex:  scar  number,  size  and  arrangement),  similar  to  the 
proximal  end  attributes,  provide  an  index  of  the  amount  of 
previous  flake  removals,  either  cultural  or  natural. 
Patterning  in  size  and  arrangement  may  point  more  strongly 
to  a  cultural  origin  although  the  reverse  is  not  necessarily 
true . 

Proximal  End  Attributes 

Descriptive  statistics  for  continuous  variables  of 
platform  dimensions  are  given  in  Table  26.  These  statistics 
describe  a  population  of  platforms  which  are  on  the  average 
rather  deep  (mean=.922)  and  wide  (mean=2.207)  with  a  higher 
percentage  of  the  specimens  occurring  to  the  right  of  the 
mean.  The  means  for  the  Timlin  site  flakes  compare  well  with 
similar  measurements  from  other  assemblages  and  bear  out 
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I  of  Specimens 
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this  observation  (avg.  4.1  mm  from  Phagen ,  4mm  from  Wilmsen; 
width  under  9mm  from  Wilmsen,  and  4mm  from  Phagen).  Little 
can  be  said  about  comparing  these  values  to  those  observed 
on  the  natural  flakes  due  to  the  small  number  of  definite 
natural  flakes.  It  can  only  be  noted  that  the  mean  values 
for  the  proposed  human  assemblage  are  considerably  greater 
for  both  of  these  measurements. 

Platform  preparation  scars 

The  distribution  of  values  for  this  variable  given  in 
Table  27  indicates  a  low  frequency  of  fracturing  around  the 
platform  area  that  appears  to  result  from  preparation  of  the 
flake  prior  to  flake  removal.  Plate  5  illustrates  several 
flakes  exhibiting  platform  preparation  scars.  Less  than  30 
percent  of  the  assemblage  exhibits  one  or  more  proximal 
flake  scars.  In  addition,  observations  regarding  the 
incidence  of  pseudo-platform  preparation  on  natural 
specimens  (flake  scars  originating  from  the  proximal  end  not 
caused  by  human  action)  indicates  that  this  variable  is  not 
completely  reliable  in  discriminating  between  populations  of 
natural  and  humanly-produced  specimens. 

Platform  Surface 

The  high  incidence  of  indeterminate  observations  (Table 
28)  for  this  variable  reflects  the  degree  of  chemical 
weathering  these  specimens  have  undergone,  and  consequently 
the  difficulty  in  determining  whether  or  not  a  platform 
surface  consists  of  a  single  facet  or  a  cortical  surface. 
However,  approximately  51%  of  the  flakes  exhibit  from  one  to 
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Table  27 


Platform  Preparation  Scars  on  Timlin  Flakes 


Category  Label 

Absolute 

Freq 

Relative 

F  req 
(Pet) 

Adjusted 

Freq 

(Pet) 

Cum 

Freq 

(Pet) 

Indetermi nate 

9 

9.0 

9.0 

9.0 

No  Scars 

61 

61  .0 

61  .0 

70.0 

1  to  3  Scars 

19 

19.0 

19.0 

89.0 

4  to  6  Scars 

3 

3.0 

3.0 

92.0 

Mass  of  Hinges 

8 

8.0 

8.0 

100.0 

Total 

100 

100.0 

100.0 

Table  28 


Platform  Surface 

Morphology 

on  Timlin 

F 1 akes 

Relative 

Cum 

Absolute 

Freq 

Freq 

Category  Label 

Freq 

(Pet) 

(Pet) 

Indetermi nate 

1 6 

16.0 

16.0 

Cortex 

26 

26.0 

42.0 

Single  Flake  Scar 

40 

40.0 

82.0 

2  to  3  Scars 

14 

14.0  ' 

96.0 

Series  of  Small  Scars  2 

2.0 

98.0 

Crushed  and  hinged 

1 

1.0 

99.0 

Ground 

1 

1.0 

100.0 

Total 


100 


100.0 
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Plate  5 


Timlin  flakes  exhibiting  platform 
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three  flake  removals  on  their  platform,  the  majority 
consisting  of  only  a  single  facet. 

Distal  End  Attributes 

Flake  terminations  for  Timlin  flakes  are  presented  in 
Table  29.  As  mentioned  previously,  flake  terminations 
reflect  the  degree  of  control  over  flake  production,  from 
the  standpoint  of  proper  force  amounts  and  direction  of 
force  application.  Table  29  illustrates  that  for  whole 
flakes,  nearly  80%  of  the  specimens  possess  feather 
terminations.  The  percent  occurrence  of  hinge  fractures, 
however,  is  rather  high  (14.8%)  when  compared  with  published 
data.  Comparison  of  termination  attributes  on  level  bag 

f  - 

flake  scars  is  particulary  instructive.  For  these  specimens, 
hinge  and  step  terminations  account  for  approximately  70%  of 
the  observed  flake  occurrences. 

Dorsal  Surface  Characteristics 

In  most  humanly  flaked  stone  industries,  a  great 
percentage  of  flakes  exhibit  evidence  of  prior  flake 
removals  in  the  form  of  dorsal  surface  ridges.  As  such,  each 
individual  flake  scar  represents  a  distinct  event  prior  to 
the  removal  of  the  flake  under  consideration.  That  this 
reasoning  is  not  always  necessarily  the  case  has  been 
illustrated  by  Bradley,  et  al .  (1972)  who  demonstrated  that, 
in  some  instances,  a  single  blow  can  detach  two  flakes,  one 
superimposed  on  the  other.  However,  if  this  were  the  case, 
the  direction  of  propagation  of  the  secondary  and  primary 
flake  should  be  exactly  the  same.  In  addition,  the  proximal 
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Table  29 


Flake  Terminations  for  Timlin  Flakes 


Category  Label 

Absolute 

Freq 

Relative 

F  req 
(Pet) 

Adjusted 

Freq 

(Pet) 

Cum 

Freq 

(Pet) 

Indetermi nate 

4 

4.0 

4.0 

4.0 

Feather 

81 

81 .0 

81  .0 

85.0 

Stepped 

1 

1  .0 

1  .0 

86.0 

Hinged 

14 

14.0 

14.0 

100.0 

Total 

100 

100.0 

100.0 

Table  30 

Dorsal  Surface  Scars 


Relative 

Adjusted 

Cum 

Absolute 

Freq 

Freq 

Freq 

Category  Label 

Freq 

(Pet) 

(Pet) 

(Pet) 

None 

16 

16.0 

16.0 

16.0 

One  Scar 

16 

16.0 

16.0 

32.0 

Two  Scars 

20 

20.0 

20.0 

52.0 

Three  Scars 

10 

10.0 

10.0 

62.0 

Four  Scars 

17 

17.0 

17.0 

79. 

Five  Scars 

10 

10.0 

10.0 

89.0 

Six  Scars 

6 

6.0 

6.0 

95.0 

Seven  Scars 

1 

1  .0 

1  .0 

96.0 

Eight  Scars 

3 

3.0 

3.0 

99.0 

Nine  or  More  Scar 

s  1 

1  .0 

1  .0 

100.0 

Total 

100 

100.0 

100.0 

Table  31 

Percent 

Cor  tex 

on  Dorsal 

Surface 

Relative 

Cum 

Absolute 

Freq 

Freq 

■Category  Label 

F  req 

(Pet) 

(Pet) 

Indetermi nate 

3 

3.0 

3.0 

No  Cortex 

24 

24.0 

27.0 

Less  Than  One  Quarter 

18 

18.0 

45.0 

One  Quarter  to  One  Half 

24 

24.0 

69.0 

One  Half  to  Three 

Quarter 

s  1  1 

11.0 

80.0 

More  Than  Three  Quarters 

7 

7.0 

87.0 

A 1 1  Cor  tex 

13 

13.0 

100.0 

100  100.0 


Total 
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initiation  morphology  should  be  present  as  well. 

Thus,  the  number  of  flake  scars  on  specimens  and  the 
amount  of  cortex  remaining  on  the  dorsal  surface  are  useful 
interpretive  attributes  in  distinguishing  natural  from  human 
flaking.  In  the  Timlin  collection,  approximately  18%  (Table 
30)  of  the  flakes  lack  flake  scars  and,  therefore,  exhibit 
cortex  over  the  entire  dorsal  surface.  Plate  6  and  Figures 
11-13  illustrate  specimens  exhibiting  one  or  more  dorsal 
surface  scars.  The  lower  specimen  on  Figure  13  has  been 
extensively  retouched  on  the  dorsal  surface  with  more 
minimal  alteration  of  the  ventral  surface. 

The  percent  of  the  dorsal  surface  covered  by  cortex  is 
presented  in  Table  31.  These  data  indicate  that  well  over 
50%  of  the  specimens  exhibit  from  1/2  to  all  of  the  dorsal 
surface  free  of  cortex.  When  combined  with  the  data  supplied 
in  Table  30  it  is  apparent  that  while  the  majority  of  the 
specimens  have  had  at  least  half  of  their  cortical  surface 
removed,  the  removal  was  accomplished  with  only  a  few, 
relatively  large  flakes.  Figure  14  illustrates  two  flakes 
lacking  any  cortex  on  the  dorsal  surface.  Figure  15 
illustrates  specimens  exhibiting  cortex  over  the  entire 
dorsal  surface. 

H.  Summary  and  Discussion 

In  the  preceding  section,  a  number  of  attributes  of 
flake  form  and  production  were  reviewed  from  a  technological 
standpoint.  It  was  stressed  earlier  that  none  of  these 
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Plate  6. 


Small  flakes  exhibiting  complete  removal 
of  dorsal  surface  cortex. 
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Figure  11.  Flakes  with  dorsal  surface  flake  scars 
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Figure  12.  Flakes  with  dorsal  surface  flake  scars. 
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Figure  13. 


Flakes  with  dorsal  surface  flake  scars. 
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Figure  14.  Flakes  lacking  cortex  on  dorsal  surface. 
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3  cm 


Figure  15.  Flakes  with  cortex  covering  dorsal  surface. 
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attributes  are  in  any  sense  exclusively  characteristic  of 
humanly  produced  flakes.  This  point  was  brought  home  by  the 
observation  of  these  same  attributes  on  the  small  sample  of 
naturally  produced  flakes.  However,  in  many  cases, 
examination  of  the  distribution  of  values  for  these 
variables  has  shown  them  to  be  distinctly  different  from 
their  distribution  in  naturally  flaked  specimens. 

I.  Cores  and  Cone  Fragments 

Five  possible  cores  and  core  fragments  were  recovered 
from  Locus  1-C.  The  lithology  of  these  specimens  is  in  each 
case  the  same  patinated  brown  siliceous  siltstone  as  the 
majority  of  flakes.  Although  the  degree  of  pat i nation  is 
variable  between  specimens,  flake  scar  surfaces  on 
individual  specimens  are  patinated  to  roughly  the  same 
degree . 

Recognition  of  these  specimens  as  possible  human 
products  relates  to  their  general  morphology  and  lack  of 
features  indicative  of  glacial  transport.  Specifically, 
striations  and  heavily  crushed  edges  and  ridges  are  located 
only  on  unflaked,  cortical  surfaces.  Further,  each  specimen 
exhibits  numerous  flake  removals  so  that  the  original  shape 
of  the  nodule  has  been  significantly  altered,  or  shaped. 

For  each  core,  flakes  were  detached  at  flaking  angles 
less  than  90  degrees.  The  vast  majority  of  terminations  of 
larger  flakes  (greater  than  3cm)  are  feathered.  Smaller 
flakes  exhibit  considerable  variation  in  terminations,  most 
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of  which  are  feathered  with  a  fair  number  of  hinged 
termi nat i ons . 

In  all  but  one  case,  cortical  surface  area  of  these 
specimens  consists  of  less  than  1/4  of  the  total  surface 
area.  The  former  specimen,  with  flakes  detached  from  only 
two  faces,  retains  nearly  50%  of  the  cortical  surface. 

J .  D i scuss i on 

Possible  cores  and  core  fragments  differ  systematically 
from  the  level  bag  clasts  exhibiting  one  or  more  flake 
removals.  Significant  differences  exist  in  the  degree  of 
alteration  and  shaping,  the  angles  at  which  flakes  were 
removed,  and  their  distal  morphology.  In  addition,  in  no 
instance  do  striations  overrun  flaked  surfaces. 

K.  Micnomopphologica 1  Alterations 

As  described  previously,  the  majority  of  flakes  and 
flaked  nodules  (core  and/or  core  fragments)  exhibit 
microflaked  edges  of  variable  intensity  and  distribution. 
With  the  aid  of  a  binocular  microscope,  rounded  edges  are 
visible  on  all  edges  even  where  no  microflaking  is  present. 
The  identification  of  the  mechanism  responsible  for  the  edge 
damage  present  on  these  specimens  (cultural  or  natural)  is 
crucial  for  a  proper  cultural  interpretation  of  the 
collection.  In  many  respects  the  problem  presented  by  the 
edge  damage  on  the  Locus  1-C  speciemens  resembles  the 
Clactonian  problem  discussed  in  Chapter  II  (Ohel  1978).  If 


■■■\^-'’.  ■  W/.*.-  “l-i';  ■■■■■'  .-  f  'I  -%.'V'-<i-.. 

.  ■■  -TV  .  ;  :■ 


\TS:'  .  . 


f. 


'ts' o  i-  •’  rtt'**  •  *■'■•  ’•»' 

•/■  .  ■  : 

I  ■  ■  ’ 

•/  „  ■  •  'l  :*'»  U  .••  irT.-.'>’ 

*’■-  ,  :  ■  .  -  V 

5?  ’  * 

f*l  . 


-  f 


■:,  Vl 


/i;  ^  *'  ■'"  •'  > 

*  '  I 

;.vv^  •  ^ 


■.rj  V'.-.  •»-‘5£!i  ,  < 

♦?  r<5i  ,  rp^/i 


'4f\ : 


•  jA  .rrcU'i'^ 


'Ti 


Vi  > 


•i 


• 


1 


■;.  ’^35j 

o  .’a 


eii 


V'A!- 


'  '  v'. .  !(♦  *  5  i.’b  .’i'l  • 

w 

'“s#  ^  V  t*  |//^U.S^U  rc 


r  I 


cart  .^'t  ^*4ik 


:  •  J  •  vfl  '  *  '1 4 


■a* 


-  .i-  ■■ 


)  ■'  4  -''.4 

•i 


’4 


"^’  'X 

-jV 


Xr.. 


«!»  '. 


g*;  t  ’■  'V4’'  A  <  v*&cx  ^  w, 


■ 


*■'•  i ,  ■>* 


.  )^r 


I 


.v» 


>:  • 


*• 


a'  4«gr^  ^  '-*  '▼■i  I 

■-  --^1  .#'A* 

if 


*  ^ 


t?14 ' 


i  <  . 

L  . 


■  •  '3  ‘  '  I 


as. 

t-  » 


•  a 


ii 


•  •  i' 


Li:._  ..Ma  -t‘.\-^XA 
■'.  /5  ’,„  Y|  T^fl  't.T,.i#<:  -,-r 

.  ‘  L’i^. '; 


• .  i-n 


■1  ■ 


.*  ■ 

',  '“'v;'  ;  .  ,  ■■ 

ff 

.  1 

•J^ 

■>  '■  > 

>.  -o  , 

1  X 

f  ii 

i  _'•.*. 


156 


these  specimens  in  fact  represent  a  distinctive 
archaeological  industry,  qualitatively  different  from  Known 
Holocene  industires  from  eastern  North  America  (Bryan  et 
al.,  1980),  then  the  edge  damage  on  Timlin  specimens  would 
have  to  be  identified  as  primarily  cultural  in  origin.  If, 
on  the  other  hand,  the  observed  damage  can  be  demonstrated 
to  be  the  result  of  natural  processes,  the  case  for  a 
distinctive  industry  of  stone  tools  would  be  greatly 
weakened.  In  this  latter  case,  a  quarry/workshop  hypothesis 
would  seem  to  be  a  more  reasonable  interpretation. 

Rounded  edges  and  dorsal  ridges  must  be  considered  as 
natural  in  origin,  caused  by  the  abrasive  wear  of  sand  and 
silt-sized  particles  in  the  stream  environment.  Although 
edges  and  ridges  may  have  been  rounded  and  polished  thru 
cultural  activities  prior  to  fluvial  transport,  subsequent 
wear  in  the  stream  has  effectively  removed  any  possible 
traces.  As  demonstrated  by  specimens  in  the  Savage  River 
Experiment,  this  kind  of  abrasive  wear  takes  place  quite 
rapidly,  and  necessitates  little  or  no  movement  of  specimens 
(Appendix  I).  The  rapidity  with  which  these  alterations 
occur  makes  it  impossible  to  detect  use-wear  in  the  form  of 
edge-polishing,  or  of  striations  located  on  and  near  the 
edge . 

The  origin  of  microflakes  on  flake  perimeters  is  less 
easily  assessed.  On  nearly  all  specimens  this  edge  damage 
consists  of  isolated,  randomly  distributed  flake  scars  of 
varying  intensity.  Many  of  the  tabular  chert  specimens  from 
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the  level  bags  also  exhibit  this  form  of  edge  damage  on 
acute  angled  edges.  It  was  demonstrated  in  the  Savage  River 
experiment  that  this  kind  of  alteration  can  take  place 
relatively  quickly  in  fluvial  environments.  This  experiment 
indicated  that  edge  microflaking  is  accompanied  by  less 
intensive  removal  of  microflakes  on  flake  scar  ridges. 
Similar  damage  has  been  noted  on  the  Timlin  flake  scar 
r i dges . 

In  all  probability  the  edge  damage  noted  on  the  Timlin 
specimens  is  natural  in  origin,  resulting  from  vibration  in 
place  in  a  stream  characterized  locally  by  high  turbulent 
velocities.  This  damage  could  have  occurred  quite  quickly 
and  necessitated  very  little  net  horizontal  movement.  The 
edge  damage  exists  on  all  size  classes,  with  more  intensive 
larger  flake  removals  on  large  flakes  and  smaller  flake 
removals  on  very  small  flakes  (e.g..  Figure  16). 

Three  specimens  exhibit  edge  damage  that  is,  in  all 
probability  the  result  of  human  edge  retouch.  These 
specimens  include  the  extensively  modified  flake  illustrated 
at  the  bottom  of  Figure  13  and  two  others  exhibiting 
closely-spaced,  parallel  retouch  of  a  single  flake  edge 
per i meter . 
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16.  Small  flake  with  edge  microf laking. 
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V.  The  Caribou  Island  Site 


A.  Introduction 

The  Caribou  Island  site  (GbOs  100)  is  located 
appp  oximately  30  km  west  of  the  town  of  Bonnyville,  adjacent 
to  Moose  Lake  (approximately  one  km  northeast),  in 
east-central  Alberta  (Figure  17).  The  site  occupies  what  can 
be  described  as  a  small  "island",  formed  by  dune  sands 
blanketing  a  glacial  kame.  The  "island"  is  in  the  midst  of 
an  extensive  bog  which  is  the  remnant  of  a  former  channel 
that  drained  Moose  Lake  before  the  outlet  was  diverted  to 
the  north  by  differential  isostatic  rebound  (Bryan  and 
Bonnichsen  n .d . ) . 

Archaeological  materials,  including  bipolar ly-spl i t 
quartzite  cobbles  and  chert  pebbles,  flakes  and  bifaces 
occur  in  the  dune  sands,  which  vary  in  thickness  from  50  cm 
to  several  meters,  and  in  the  underlying  discontinuous 
gravel  stratum  (Figure  18).  The  gravel  stratum  is  composed 
primarily  of  quartzite  cobbles  and  pebbles  in  a  sand  matrix. 
The  ar t i fact -bear i ng  layers  overlie  a  clay  till  core 
containing  pockets  of  sorted  quartzite  gravels.  From  the 
vast  quantity  of  cores  and  debitage,  it  appears  that 
prehistoric  peoples  visited  this  locale  over  several 
millennia  for  the  purpose  of  extracting  raw  materials  for 
stone  tool  production. 
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Figure  17.  Location  of  Caribou  Island  site  (GbOs  100). 
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Figure  18.  Caribou  Island  site  profiles  (1965  excavations:  from  Bryan  and  Bonnichsen 
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B.  The  Problem 

During  the  initial  excavations  under  the  direction  of 
Alan  Bryan  in  1965,  test  explorations  were  extended  in 
several  units  to  some  depth  into  both  of  the  gravel  strata 
underlying  the  dune  sands.  These  excavations  exposed 
numerous  fractured  cobbles,  a  small  percentage  of  which  in 
the  lower  Kame  gravels  obviously  had  been  fractured  in 
place.  Amongst  these  fractured  gravels,  occasional  specimens 
were  recovered  that  resembled  uni  facial  tools.  Throughout 
these  deeper  gravels  Bryan  noted  the  conspicuous  absence  of 
bifacial  implements  or  debitage  from  their  manufacure.  From 
these  initial  observations,  three  questions  were  posed:  1) 
how  could  one  distinguish  artifacts  in  the  upper  gravels 
from  the  natura 1 ly- fractured  cobbles  and  pebbles  which  could 
have  been  introduced  from  below,  2)  what  mechanism! s)  could 
account  for  the  presence  of  such  a  great  quantity  of 
fractured  clasts  in  the  upper  gravels,  and,  3)  if  there  are 
artifacts  in  the  deeper  gravels,  what  mechanism  could 
account  for  their  presence? 

Before  considering  the  question  of  distinguishing 
naturally  from  human ly- f 1 aKed  stone  in  this  context  it  is 
necessary  to  review  pertinent  observations  of  fracturing  of 
gravel  beds  elsewhere  in  the  prairie  provinces. 
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C.  Fracture  Mechanisms 

Initially,  the  hypothesis  was  entertained  that  broken 
cobbles  and  pebbles  in  the  gravel  strata  had  been  fractured 
by  the  action  of  lake  ice  ramparting  surficial  sediments  and 
exerting  great  pressure  on  gravels  in  a  frozen  matrix  (Bryan 
and  Bonnichsen  n.d.).  This  mechanism  would  have  necessitated 
the  existence  of  a  formerly  more  extensive  Moose  Lake, 
possibly  a  pro-glacial  lake  resulting  from  the  damming  of 
former  outlet  drainages.  It  was  felt  that  an  ice  rampart 
mechanism  as  well  as  simple  beach  action  might  account  for 
both  the  fracturing  of  clasts  and  their  mixing  with 
artifacts  in  the  upper  gravels.  In  addition,  this  hypothesis 
also  provided  a  means  for  relative  age  estimation  by  tying 
in  mixing  of  the  artifacts  with  late  glacial  events. 

The  hypothesis  of  ice  rampart  action  as  the  agent 
responsible  for  fracturing  of  clasts  and  mixing  of  deposits 
seems,  at  present,  unacceptable  for  several  reasons.  In  the 
first  place,  there  is  no  independent  evidence  for  the 
existence  of  a  more  extensive  lake  in  the  form  of 
strandlines  or  lacustrine  sediments.  Cores  taken  adjacent  to 
the  "island"  and  nearby  in  the  bog  reached  clay- till  (the 
intervening  sediments  consisted  of  well-sorted  sand, 
probably  aeolian  in  origin)  without  encountering  evidence 
for  lacustrine  sediments.  More  importantly,  it  must  be 
seriously  questioned  whether  ice-ramparting  is  competent  to 
fracture  large  pebbles  and  cobbles  on  the  scale  that  is 
observed  in  the  gravels  at  the  site.  Generally,  ice-rampart 
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activity  results  in  the  plowing  up  of  the  surface  beach 
sediments,  thereby  forming  the  rampart  feature.  Unless 
specimens  were  frozen  tightly  in  the  underlying  matrix,  the 
gravels  would  give  before  failure  occurred.  Most  of  the  in 
situ  fractured  specimens  were  recovered  from  the  loose  sands 
and  gravels  overlying  the  Kame  and  would  not  be  expected  to 
be  frozen  in  place  due  to  their  high  porosity  (assuming 
adequate  drainage).  In  addition,  evidence  of  a  rampart 
feature  was  not  detectable  in  any  of  the  lateral  or  sagittal 
prof i 1 es . 

The  improbability  of  ice-ramparting  as  a  fracture 
mechanism  was  further  confirmed  by  excavations  in  1980  near 
the  highest  elevation  of  the  kame  core  of  the  island.  These 
excavations  revealed  a  somewhat  similar  stratigraphic 
situation  to  that  described  for  the  presumed  beach  area. 
Test  units  sunk  through  dune  sands  into  the  sorted  gravels 
revealed  numerous  disturbed  and  in  situ  fractured  clasts,  as 
in  the  previous  excavations.  Thus,  ice-ramparting,  unless  it 
affected  the  entire  "island,"  is  unlikely  to  have  caused  the 
large  scale  fracturing  of  quartzite  gravels  observed  at  the 
site.  However,  no  possible  artifacts  were  recovered  during 
these  excavations. 

Thus,  the  ice  rampart  hypothesis  is  unacceptable  as  a 
mechanism  for  the  fracture  of  the  gravels  at  the  site  but 
may  conceivably  be  responsible  in  part  for  the  mixing  of 
specimens  in  the  loose  gravels  at  lower  elevations.  This 
latter  possiblity  is,  however,  unsubstantiated  by  by 
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independent  lines  of  evidence  at  present. 


D.  Ice-Thrust  Fracture  of  Gravels 

An  alternative  mechanism  for  the  in  situ  fracture  of 
the  quartzite  gravels  has  been  suggested  by  the  work  of 
Babcock,  et  al .  (1978)  and  Kupsch  (1965)  who  have  studied 
large  scale  fracturing  of  gravel  beds  in  the  prairie 
provinces.  These  authors  describe  gravel  pit  exposures  in 
Alberta  (Babcock,  et  al.  1978)  and  Saskatchewan  (Kupsch 
1965)  of  Tertiary  quartzite  gravels  that  are  characterized 
by  varying  degrees  of  deformation  of  beds  and  intensity  of 
clast  fracture  and/or  pulverization. 

At  several  localities  the  responsible  fracture 
mechanism,  glacial  ice  thrust,  can  be  independently  verified 
by  the  presence  of  extensive  faulting  and  deformation  of  the 
beds.  At  other  localities,  where  independent  lines  of 
evidence  do  not  exist,  the  ratio  of  fractured  clasts  to 
unfractured  clasts  was  used  to  identify  an  ice-thrust 
mechanism.  This  latter  interpretation  is  based  on 
comparisons  with  gravel  pits  unaffected  by  ice-thrust 
(Babcock,  et  al.  1978). 

The  general  fracture  mechanism  envisioned  at  these 
localities  is  that  of  clast  on  clast  impingement  by  a 
network  of  medium-sized  (4-6cm)  and  larger  gravels  bearing 
the  weight  of  an  overriding  continental  ice  mass.  Factors 
believed  to  be  responsible  for  varying  degrees  of  fracture 
intensity  include  variations  in  the  clay-sized  fraction  in 
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the  matrix  and  resultant  variation  in  pore  water  pressures 
between  beds  (Babcock,  et  al.  1978). 

Several  of  the  beds  described  contain  completely 
pulverized  quartzite  clasts  while  in  others,  clasts  were 
less  intensely  fractured.  In  these  more  moderately  fractured 
beds,  clasts  were  described  as  exhibiting  one  or  more 
fractures  radiating  out  from  the  point  of  impingement  with 
one  or  more  neighboring  clasts. 

The  relevance  of  ice-thrust  fracture  to  the  explanation 
of  the  presence  and  condition  of  the  gravel  bed  at  the 
Caribou  Island  site  is  somewhat  problematic  at  present.  Some 
similar  mechanism  would  seem  to  be  called  for  in  order  to 
explain  quartzite  gravel  beds  where  approximately  50%  of  the 
clasts  larger  than  3  cm  are  fractured.  However,  of  these 
fractured  clasts  only  approximately  5%  exhibit  evidence  of 
having  been  fractured  in  place;  the  remaining  fractured 
clasts  could  not  be  "mated"  v^/ith  the  other  portions  of  the 
original  clasts  at  Caribou  Island. 

Presumably,  the  gravels  making  up  the  gravel  bed  at  the 
Caribou  Island  site  could  have  been  initially  fractured 
elsewhere  and  the  gravels  subsequently  transported  to  their 
present  location.  According  to  Mark  Fenton  of  the  Geological 
Survey  of  Alberta  (1980:  pers.  comm.),  these  gravels  must 
have  been  transported  from  elsewhere  to  their  present 
location,  as  intact  deposits  of  Tertiary  gravels  in  this 
area  are  characteristically  buried  under  up  to  several 
hundred  feet  of  till.  If  this  is  indeed  the  case  then  the 
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intact  fractured  clasts  may  represent  either  a  subsequent 
fracture  episode  of  much  more  moderate  intensity,  or 
possibly  clasts  transported  in  a  frozen  state  that  managed 
to  retain  their  respective  mates. 

E.  Description  and  Context  of  Specimens 

The  majority  of  specimens  recovered  from  the  lower  dune 
sands  and  upper  loose  gravels  consist  of  fractured  quartzite 
clasts  with  less  frequent  fractured  chert  pebbles.  Most  of 
the  specimens  are  debitage  from  stone  tool  production, 
including  flakes  and  spalls,  longitudinally-split  cobbles 
and  pebbles,  anvilstones,  and  a  few  bifacial ly  and 
unifacial ly  worked  tools. 

The  location  of  the  site  above  a  good  supply  of 
flakeable  quartzite  and  chert  clasts,  and  the  low  tool  to 
debitage  ratio  suggests  that  a  major  activity  for  aboriginal 
peoples  at  this  location  was  the  production  of  stone  tools. 
Towards  the  southern,  downs  lope  area  of  the  excavated 
portion  of  the  site  the  cover  of  sand  over  the  gravels  is 
comparatively  thin,  between  .75  and  1  m.  Moving  northward 
and  upslope  the  dune  sand  cover  attains  a  depth  of  more  than 
two  meters  in  some  places  (Figure  19).  This  difference  in 
thickness  of  the  sand  cover  probably  in  part  accounts  for 
the  greater  intensity  of  debitage  towards  the  southern 
portion  of  the  site;  the  greater  thickness  of  sand  obscuring 
the  presence  of  raw  materials  below. 
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Figure  19.  Profiles  from  1980  excavations.  Pits 
located  on  crest  of  "island." 

Stratum  I=IViodern  soil. 

Stratum  II=Dune  sands  and  artifacts. 
Stratum  III=Loose  sand  and  quartzite 
gravels  (no  possible  artifacts). 

Stratum  IV=Compact  sand  and  quartzite 
gravels  (no  possible  artifacts). 

Stratum  V=Clay  with  gravels  (kame). 
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The  1980  excavations  near  the  crest  of  the  hill 
revealed  a  sharp  contrast  between  the  dune  sands  and  the 
underlying  sorted  gravel  bed  (i.e.,  the  loose  sand  and 
gravel  unit  was  not  present).  Occasional  artifacts  were 
recovered  throughout  the  dune  sands  to  the  contact  between 
sand  and  gravel.  On  the  surface  of  the  gravel  bed  several 
longitudinally-split  quartzite  cobbles  with  shatter  (angular 
by-products  of  quartzite  cobble  splitting)  were  exposed. 
These  specimens  indicate  that  prehistoric  hominids  were 
present  and  utilized  the  available  raw  materials  before  the 
gravels  were  covered  by  sand. 

Excavations  were  extended  down  thru  the  gravel  bed 
revealing  numerous  fractured  quartzite  cobbles.  Six  were 
apparently  fractured  in  place.  However,  no  possible 
artifacts  were  located.'' 

Most  split  cobbles  within  the  gravel  stratum  exhibited 
single  or  multiple  fractures  that  bisect  the  specimen  on  a 
plane  perpendicular  to  the  longitudinal  axis.  A  smaller 
number  of  specimens  had  one  or  more  spalls  removed  (see 
discussion  of  spalling  versus  flaking  later  in  this 
chapter ) . 

Excavations  during  the  1965  field  season  revealed  a 
somewhat  different  stratigraphic  situation  on  the  southern 
portion  of  the  site.  In  this  area  there  were  three  distinct 

'Possible  artifacts  included  longitudinally  split  or  flaked 
quartzite  clasts  as  discussed  later  in  this  chapter.  Neither 
of  these  categories  of  fractured  clasts  were  recovered 
during  the  1980  excavations 
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strata:  the  overlying  sand,  a  stratum  with  quartzite  and 
chert  pebbles  mixed  in  a  loose  sand  matrix,  and  an 
underlying  compact  sorted  gravel  and  sand  deposit.  Within 
the  transitional  unit,  numerous  artifacts  were  recovered. 
However,  no  in-place  fractured  clasts  were  encountered, 
these  specimens  being  limited  to  the  underlying  sorted 
gravels . 

Prior  to  1980,  Bryan  worked  with  the  hypothesis  that 
the  loose  gravels  in  this  northern,  downslope  portion  of  the 
site  were  beach  gravels.  The  mixing  of  sands  and  gravels  was 
explained  by  wave  and  ice-ramparting  action.  Given  the 
results  from  testing  on  the  crest  of  the  site,  (and  the  lack 
of  independent  evidence  for  an  extensive  lake),  the 
alternative  hypothesis  is  presented  that  human  beings  are 
responsible  for  the  observed  mixing  in  this  portion  of  the 
site.  People  digging  for  flakeable  stones  could  have  mixed 
the  gravels  with  the  blanket  of  dune  sand.  The  lack  of 
"diagnostic"  projectile  points  and  other  tools  in  this 
stratum  noted  by  Bryan  and  Bonnichsen  (n.d.)  may  simply  be 
due  to  their  low  frequency  elsewhere  in  the  site  deposits. 

F.  Naturally  Fractured  Clasts  in  the  Gravels 

The  discussion  of  naturally  fractured  clasts  involves 
primarily  the  in-si  tu  fractured  specimens  as  only  these  can 
be  considered  natural  in  origin  with  a  high  degree  of 
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Idealized  Fracture  Types 

Three  fracture  types  can  be  distinguished  by  the 
direction  of  force  loading  relative  to  the  axis  of  the 
specimens  (longitudinal  and  transverse)  and  the  placement  of 
the  impact  point  (leading  to  spalling  versus  splitting). 
These  fracture  types  are  idealized  in  the  sense  that  they 
represent  end-members  with  considerable  variation  between 
these  extremes.  The  clasts  within  the  gravel  stratum  are  not 
uniformly  oriented  and  thus  points  of  contact  are  more  or 
less  randomly  distributed  along  the  surfaces  of  the 
specimens . 

Transverse  Splitting 

Transverse  splitting  is  by  far  the  dominant  mode  of 
fracture  in  the  gravel  stratum.  Specimens  exhibiting 
transverse-splitting  were  failed  by  pressure  roughly 
perpendicular  to  maximum  width  and  length  dimensions  and 
parallel  to  the  thickness  dimension  (Figure  20).  The 
end-product ( s )  of  this  type  of  fracture  were  either  two 
halves  or  three  or  more  sections  with  steep  angles  between 
the  dorsal  and  ventral  surfaces. 

Approximately  80%  of  the  unmated  specimens  recovered 
from  the  gravel  stratum  exhibit  this  fracture  type. 
Specimens  fractured  into  three  or  more  sections  exhibit  a 
single  point  of  loading.  Flake  features  such  as  ridges  and 
proximal  concavities  are  lacking  on  every  specimen. 
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Figure  20.  Transverse  splitting  of  quartzite  cobbles. 
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In  percussive  experiments  carried  out  by  the  author, 
identical  clast  morphologies  were  obtained.  In  these 
experiments  quartzite  clasts  with  oval  cross-sections  were 
placed  on  anvilstones  and  fractured  transversely  by  throwing 
a  large  hammerstone  onto  the  specimen.  It  appears  that 
clasts  with  more  rounded  cross-sections  tend  to  fracture 
into  multiple  fragments,  whereas  specimens  with  more  oval 
cross-sections  tend  to  fracture  into  only  two  sections. 
These  experiments  indicate  that  transverse  splitting  by 
percussion  produces  similar  features  to  pressure  loading. 
Thus,  specimens  1  at i tudi na 1 ly  fractured  by  humans  would  be 
identical  to  those  fractured  by  the  pressure  of  overriding 
i  ce . 

Longitudinal  Splitting 

Longitudinal  splitting  occurs  when  loading  took  place 
parallel  to  the  long  axis  of  the  specimen  (Figure  21).  This 
type  of  fracture  is  rare  in  the  gravel  stratum.  Longitudinal 
splitting  can  lead  to  either  single  or  multiple  fracture 
products  (Chapter  3).  As  discussed  in  Chapter  3,  this  mode 
of  fracture  is  characteristic  of  human  strategies  for  the 
reduction  of  quartzite  cobbles. 

Spa  1 1 i ng 

Spalling  consists  of  the  removal  of  small  (relative  to 
the  parent  clast)  fragments  from  an  edge  or  surface  of  a 
nodule.  Four  examples  of  this  fracture  type  were  observed  in 
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Figure  21.  Longitudinal  splitting  of  quartzite  cobbles. 
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the  sample  of  in-si tu  fractured  specimens.  This  type  of 
fracture  simulates  human  hand-held  percussion  flaking  or 
incomplete  bipolar  fracture.  Spalling  results  in  a  scar  on 
the  parent  clast  similar  to  a  flake  scar. 

Morphological  features  such  as  a  bulb  of  percussion, 
ribs  and  hackles  were  not  evident  on  the  specimens  in  the 
sample.  This  fact  probably  relates  to  the  coarse  fracture 
typical  of  quartzite.  The  presence  of  a  platform  appears  to 
depend  on  the  placement  of  the  point  of  impact  on  the  parent 
nodule.  If  loading  occurs  adjacent  to  an  angular  corner  a 
platform  will  be  produced.  If  the  fracture  initiates  from  a 
smooth  surface  the  platform  will  be  absent  (Figure  22). 

Impact  Points 

An  examination  of  impact  points  on  naturally  fractured 
specimens  was  made  in  order  to  determine  if  they 
systematically  differed  from  experimentally  percussion 
fractured  specimens.  However,  on  the  basis  of  this 
qualitative  examination  it  was  impossible  to  detect 
significant  differences.  There  may  be  a  slight  tendency  for 
percussion  splitting  to  produce  slightly  larger  impact  areas 
with  greater  damage  to  the  proximal  portion,  but  these 
tendencies  are  not  great  enough  to  be  useful  as  a 
comparative  attribute. 

Discussion 

Transverse  splitting  was  found  to  be  by  far  the 
dominant  fracture  type  both  in  the  collection  of  specimens 
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Figure  22.  Spalling  of  quartzite  cobbles. 
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fractured  in  place  and  in  the  unmated  specimens  from  the 
gravel  stratum.  Longitudinal  splitting,  characteristic  of 
human  stoneworKing  strategies,  was  rare.  Pressure  removal  of 
spalls  was  also  of  limited  frequency. 

The  reasons  behind  the  low  frequency  of  the  latter  two 
fracture  types  probably  relates  to  two  factors,  1)  the 
orientation  of  clasts  in  the  gravel  stratum,  and  2)  the 
placement  of  impact  points  on  specimens. 

Clasts  within  the  gravel  stratum  currently  exhibit  no 
preferential  orientation.  Whether  or  not  this  situation  was 
true  in  the  original  deposits  from  which  the  gravels  were 
derived  is  impossible  to  determine.  If  they  were 
preferentially  oriented  it  is  probable  that  long  axes  were 
more  or  less  parallel  to  the  ground  surface  and,  hence, 
perpendicular  to  the  usual  direction  of  force  application 
(in  a  situation  of  glacial  ice  override).  There  may  have 
been  a  degree  of  imbrication  to  the  clasts  as  well. 

Given  either  of  the  situations  described  above  it  is 
argued  that  transversely-split  cobbles  and  pebbles  would  be 
the  most  probable  end-products.  In  latitudinal  splitting 
impact  areas  occur  on  the  only  slightly  rounded  surface  of 
greatest  available  area.  Thus  the  opportunity  for  stress  to 
be  accommodated  by  slippage  versus  failure  is  reduced.  In 
longitudinal  splitting  the  point  of  force  application  must 
occur  on  the  extreme  ends  of  the  longitudinal  axis.  These 
ends  possess  a  very  much  higher  radius  of  curvature  and 
therefore  permit  only  a  very  small  area  for  fracture 
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initiation.  In  this  situation,  it  would  be  very  easy  to 
accommodate  stress  by  only  very  minimal  movement  by  either 
the  impacted  clast  or  its  impactor. 

Personal  attempts  to  split  quartzite  cobbles 
longitudinally  reinforce  this  conclusion.  In  this  case  oval 
cross-sectioned  cobbles  were  buried  in  sand  with  one  point 
in  contact  with  a  buried  anvilstone.  Great  care  and 
precision  was  required  to  fail  the  specimens  longitudinally. 
In  many  instances  the  impactor  did  not  strike  squarely  on 
the  exposed  end  of  the  buried  cobble  and  only  a  glancing 
blow  was  struck.  In  other  instances  the  impacted  cobble 
accommodated  stress  by  slipping  sideways  on  the  anvilstone. 

Similar  observations  are  pertinent  to  the  pressure 
removal  of  spalls  from  quartzite  cobbles.  Angular  specimens 
are  rare  in  the  gravels,  thus  precluding  significant  removal 
of  spalls  from  angular  surfaces.  In  addition,  the 
probability  of  proper  placement  of  an  impactor  just  back 
from  the  corner  of  an  angular  surface  is  sufficiently  low  to 
render  this  an  unlikely  fracture  type  in  beds  of  largely 
rounded  cobbles.  The  low  frequency  of  spall  removal  from 
smooth  surfaces  is  related  to  the  narrow  range  of  conditions 
required  for  this  type  of  removal.  In  this  instance  the 
angle  'of  impact  must  be  somewhat  less  than  90  degrees  or 
latitudinal  splitting  will  result.  However,  if  the  angle 
becomes  too  acute,  the  impactor  would  be  expected  to  slide 
across  the  surface  rather  than  resulting  in  spall  removal. 
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G.  Possible  Artifacts  in  the  Lower  Gravels 

All  of  the  specimens  believed  to  be  artifacts  recovered 
from  the  compact  gravel  stratum  consist  of  uni  facially 
altered  or  split  quartzite  cobbles  and  chert  pebbles.  The 
discussion  below  will  focus  on  fracture  types  within  this 
col  lection. 

Transverse  Split 

The  majority  of  specimens  Bryan  and  Bonnichsen  (n.d.) 
selected  as  possible  artifacts  consist  of  transversely  split 
clasts.  Most  of  these  specimens  do  not  possess  steep,  nearly 
perpendicular  fracture  faces  characteristic  of  most  of  the 
naturally  fractured  specimens  (due  to  field  selection 
procedures).  Instead,  the  fracture  face  is  somehwat  acute, 
giving  the  impression  that  the  clasts  is  a  unifacial ly 
flaked  chopping  tool.  On  specimens  from  which  three  or  more 
fragments  were  removed,  a  curved  edge  was  produced 
simulating  unifacial  flaking  even  more  closely.  In  addition, 
several  specimens  possess  a  bit- like  edge.  This  relatively 
rare  feature  was  probably  caused  by  a  lack  of  solid  support 
on  the  side  opposite  the  point  of  force  application.  Similar 
experimental  results  were  obtained  with  percussive  fracture 
(although  this  was  a  rare  product). 

The  specimens  described  above  simulate  uni  facially 
flaked  quartzite  cobbles.  Recognition  of  transverse 
splitting  as  the  fracture  process  necessitated  examination 
of  the  point  of  force  application.  If  the  PFA  is  located  on 
the  face  opposite  the  'edge,'  latitudinal  splitting  was 
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inferred.  If  the  face  was  created  by  hand-he1d  percussion 
flaking  the  PFA  would  have  had  to  have  been  located  on  the 
'edge'  (Figure  23).  The  author's  experiments  have  shown  that 
identical  fracture  products  can  be  produced  by  percussive 
splitting  of  properly  oriented  quartzite  cobbles.  However, 
this  type  of  fracture  is  rare  in  human  1 y- f 1 aked  collections. 
Longitudinal  Splitting 

A  few  specimens  collected  from  the  lower  gravels 
exhibit  longitudinal  splitting.  These  specimens  resemble 
humanly-split  specimens  from  the  dune  deposits  in  every  way 
and  thus  cannot  be  distinguished  from  them. 

Spa  1 1 i ng 

A  few  specimens  exhibit  spalled  surfaces  or  edges.  The 
majority  of  these  specimens  exhibit  only  a  single  spall 
removal.  Where  the  spall  was  removed  from  a  surface,  as 
oppossed  to  an  edge,  it  is  probably  safe  to  infer  a  natural 
origin  due  to  the  difficulty  of  flaking  obtuse  quartzite 
surfaces  by  hand-held  percussion.  Edge-spalled  surfaces  are 
distinguished  with  greater  difficulty. 

A  very  small  number  of  specimens  exhibit  unidirectional 
flake  scars  originating  from  an  edge.  The  scars  are  usually 
unidirectional,  unifacial  and  exhibit  morphological  features 
similar  to  uni  facial ly-flaked  artifacts  from  the  dune 
deposits.  However,  flaking  is  restricted  to  a  single  edge  as 
opposed  to  two  or  more  edges. 
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Figure  23.  PFA' s  for  transverse  splitting  and  hand  held 
percussion. 
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H.  Assessment 

In  the  preceding  evaluations  and  discussion  it  was 
determined  that  flaked  and  split  quartzite  specimens  from 
the  lower  gravels  exhibit  fracture  types  and  morphological 
features  which  are  exhibited  on  naturally  fractured  as  well 
as  on  experimentally  fractured  specimens.  However,  the 
majority  of  fractured  clasts  in  the  lower  gravels  conform  to 
the  dominant  natural  fracture  mode  (i.e.,  transverse 
splitting).  Further,  this  fracture  type  is  uncharacteristic 
of  the  human  alteration  of  quartzite  cobbles. 
Transver se 1 y- sp 1 i t  specimens  are  therefore  determined  to  be 
of  natural  origin  with  a  high  degree  of  probability. 

A  few  longitudinally-split  specimens,  characteristic  of 
human  alteration  products  and  a  rare  fracture  type  in 
natural  situations  were  also  found  in  the  lower  gravels. 
Thus  these  specimens  must  be  assessed  by  other  parameters  as 
well.  The  alternative  possibilities  are  that  they  were 
fractured  naturally  or  fractured  by  humans  and  incorporated 
into  the  lower  gravels  by  human  beings  excavating  for  raw 
mater i a  1 s  . 

Some  flaked  specimens  from  the  lower  gravels  resemble 
human  alteration  products.  Similar  examples,  with  two  or 
more  flakes  removed  were  not  found  in  the  collection  of 
definitely  naturally  spalled  specimens.  Thus,  if  these 
specimens  are  naturally  flaked,  they  must  represent  one 
extreme  of  output  morphology  for  this  environment.  Without  a 
larger  sample  of  flaked  specimens  it  is  difficult  to 
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evaluate  their  status  with  much  confidence. 

I .  Cone  1 us i on 

Although  the  assessment  of  the  Caribou  Island 
assemblage  was  not  entirely  conclusive  with  respect  to  the 
natural  versus  human  status  of  every  specimen,  the  analysis 
does  provide  important  implications  for  archaeological 
research  elsewhere  in  the  glaciated  prairie  provinces.  In 
addition,  this  study  illustrates  the  utility  of  collected 
control  specimens  of  Known  natural  origin  and  the 
difficulties  in  assessing  a  very  small  population  of 
specimens  in  light  of  natural  processes  characterized  by 
extreme  ranges  in  energy  and  output  morphology. 

The  natural  fracture  of  quartzite  cobbles  at  the 
Caribou  Island  site  may  represent  a  widespread  phenomenon  in 
the  prairie  provinces.  Babcock,  et  al .  (1978)  have  described 
in-situ  fracturing  of  quartzite  gravels  on  a  larger  scale 
than  observed  at  the  Caribou  Island  site.  If  this  natural 
fracture  phenomenon  is  as  widespread  as  indicated  by 
previous  studies,  then  the  potential  for  misidenti f ication 
of  natura 1 1 y- fractured  specimens  as  artifacts  in  redeposited 
contexts  may  be  large. 

Without  control  samples  of  known  naturally  fractured 
quartzite  clasts,  it  would  have  been  very  difficult  to 
evaluate  the  range  of  expected  natural  fracture  products. 
Without  this  knowledge,  the  assessment  of  the  status  of 
specimens  would  have  been  difficult  and  certainly 


V  11' 


•4  .. 


/  '■ 


I? 

■Ji 


(F..- 


‘.(ISF  PW  >  - 


p 


*.v 

.:? .  •'  ■'■ 


;  VT  -  » ,  •  f .  V  ^  1 0* ' 


‘  *  -rf'  V‘  '  -S'.'V 

/  '  ■-  ^  ■■ 

^  ixyji  ■  *  »  i/«b;^owy. 


b« 

4> 

!!^  <’ 


'/■  /  >  : 


If  u 


;  fi> 


•^‘.fW-Q  \k\ 


.‘9 a  ;  X?  -  .  r'  •; 


.,  <  ■ 


<  '■* 


«-  # 


» 

T 


p  *  *■- 1 


T«c¥i< 


■^■■x:r '  - 


i  ♦  tMliC  #  Y-  '''<^  •<«  ry;- 


T 


’<»;■  ^  .'<^  f 
5  r 


tf  ' 


»  -5 


a  *  t  ;j  »..•  r  i  •  b 


ar  -'F 


\ 


4  .  * 

ol  . 


h  %■  ^ 


Qy* 


^  '  *  “  "  '* 

•  '  r'**%l‘S*iaB  '’-f  *rf*  -?sfjj  . 

Y- '  -  .  ;f.  ■  . 

}tt<  vft,f,  #•/,&  (,f'f  t 

^F4n  *  f  i§  ,r*i  ■ 


'‘♦i*  ^ 


‘■*.  (  I*  ^  ri^3|p“  ’ 


♦  • 

^  M ,  V.  i  r 4Up  ^  v>  i-tu ?-a « )  iU 


!«' 


1  * 


ri  ‘’'T&»  w,  UC3d/  di*!  '  L 

■  ■-  ''1 

v' ,  *■'»  ' 


V- 


• , 

/  >  ^ 

'k)^  ■  »  *3  -;^'’  r 

1**  .  ■■''  - 

“ij  ^ 

el'  - . 

'  A 

X 

»  ■ 

'rjf. 

f^-»  ‘ 

■  : 

>  » 


r-. 


n 


:  \  »  4)t-  .r,VftvU^  - 


'S’ 

iti 


.**.  •  ’.  .  ■  '■  -(Hi ,  i  ^ 


4 


185 


i nconc 1 usi ve 
represent i ng 
difficult  to 


As  it  was,  the  small  number  of  specimens 
one  morphological  type  (flaked  specimens)  were 
assess  with  confidence. 
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VI.  The  E.S.P  Site 


A.  Introduction 

The  initial  discovery  and  subsquent  excavation  of  the 
E.S.P.  site  would  make  interesting  reading  in  and  of  itself; 
however,  a  discussion  of  the  history  of  this  site  is  not 
directly  pertinent  to  the  present  study.  Interested  readers 
are  directed  to  Goodman  (1978,  1981)  for  a  discussion  of  the 
remote  sensing  strategy  employed  in  locating  this  site. 

The  E.S.P.  site  is  located  at  approximately  8000  feet 
in  the  San  Francisco  Peaks  area  (Little  Mount  Elden)  near 
Flagstaff,  Arizona  (Figure  24).  The  site  was  initially 
excavated  under  the  direction  of  Jeffrey  Goodman  (Goodman 
1977)  and  later  by  Alan  Bryan  of  the  University  of  Alberta 
in  1979  ( Bryan  n . d . ) . 

The  E.S.P.  site  provides  an  ideal  example  of  the 
"eolithic"  problem.  The  site  has  yielded  a  collection  of 
questionable  artifacts  above  and  below  a  layer  dated  by 
radiocarbon  to  ca .  24,000  years  ago  (25,470  +  1700  BP 
[1-7519],  22,490  +  420  BP.^  In  addition,  the  project 
geologist,  Thor  Karls-trom  (U.S.G.S.),  identified  a  paleosol 
beneath  the  dated  stratum  which  may  be  Sangamon  in  age. 
Unfortunately,  the  proposed  artifact  sample  is  quite  small, 
and  is  dwarfed  by  the  presence  of  large  numbers  of  angular, 
natur a  1 1 y- fractured  chert  clasts  in  the  same  deposits. 


2  No  range  of  error  given  in  Goodman  n.d. 
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Figure  24.  ESP  site  map  and  location  (site  map  from  Goodman 
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In  addition  to  the  small  size  of  the  sample  of  proposed 
artifacts,  the  study  of  this  collection  was  cut  short  by  the 
untimely  interference  of  the  U.S. National  Forest  Service 
which  demanded  return  of  the  collection  two  weeks  after  the 
laboratory  analysis  had  begun.  Thus  the  discussion  to  follow 
is  not  as  complete  as  would  have  been  desired.  Nevertheless, 
the  site  provides  an  example  of  the  geomorphic  environment 
of  a  talus  slope. 

B.  Site  Description 

The  excavation  consists  of  a  10  foot  by  10  foot  shaft 
sunk  in  some  places  up  to  34  feet  into  poorly  stratified, 
coarse  unsorted  colluvial  and  alluvial  sediments.  During  the 
1979  excavations  it  proved  impossible  to  examine  the 
stratigraphic  sections  exposed  by  Goodman's  excavations  as 
the  majority  of  the  wall  area  had  been  reinforced  with 
cribbing  for  safety  reasons.  Goodman's  idealized 
stratigraphic  cross-section  is  presented  in  Figure  25. 

During  the  1979  field  season  excavation  was  largely 
confined  to  a  tunnel  leading  off  to  the  south  from  the  main 
vertical  shaft.  The  sediments  in  this  area  were  comprised  of 
a  sandy-silt  matrix  containing  abundant  clasts  ranging  from 
small  pebbles  to  large,  boulders.  The  predominant 
lithologies  present  in  the  gravel  to  boulder  size  classes 
are  a  green  dacite,  and  a  white  chert. 

The  cherts  recovered  throughout  the  excavations  are 
locally  derived  upslope  from  outcroppings  of  the  Kaibab 
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GEnEMUZEP  GEOLOGIC  CROSS  SECTlO/l 
FOR  FLAGSTAFF  TEST  SHAFT 
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Figure  25.  Idealized  cross-section  of  ESP  site 

( from  Goodman  n .d. ) . 


,  .;,  "  '•C  . -.  ■ 


jKti  ttifi 


"  I  c.n  ^ 


u. 


-  ^ 


.t  ^  ‘': '  Uiu: .  .  - 


:j"3 


^  £l^ 


,  .!»*' 


•>  j» 


/  !• 


.  ft.  i 


190 


limestone.  Downs  lope  from  the  outcrops,  the  talus  is 
littered  with  abundant  chert  clasts,  occasionally  containing 
evidence  of  human  activity  in  the  form  of  broken  bi faces  and 
f 1 akes . 

Excava  t i on  Met hodo 1 ogy 

Throughout  Goodman's  initial  excavation,  tools  included 
jack-hammers,  picks,  and  dynamite  where  necessary.  For  the 
majority  of  the  time  shovels  and  hammers  were  employed. 

Goodman  (n.d.)  states  that  the  initial  excavation 
procedures  involved  following  the  '  levels'  predicted  by  a 
"psychic".  All  material  recovered  was  screened  through  1/4" 
mesh  screen.  Only  specimens  felt  to  be  artifacts  were  saved. 

During  the  1979  field  season  excavation  consisted  of 
removing  one  foot  deep  and  one  foot  thick  arbitrary  levels 
the  width  of  the  tunnel.  Again,  all  material  was  screened 
through  a  1/4"  mesh.  In  addition,  all  chert  materials  were 
saved  for  comparative  purposes. 

C.  Description  and  Location  of  Specimens 

The  E.S.P.  site  collection  consists  of  22  complete 
flakes,  several  flake  fragments,  numerous  spalls,  and 
several  specimens  exhibiting  possible  edge-wear  and/or 
retouch.  These  specimens  range  in  distribution  from  the 
surface  down  to  approximately  27  feet  in  depth.  Due  to  the 
excavation  procedures  employed,  specimens  can  only  be 
vertically  relocated  within  a  two  foot  to  as  much  as  a  three 
foot  thick  excavation  level.  However,  it  is  possible  to 
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place  specimens  into  Goodman's  idealized  cross-section  in  at 
least  gross  terms. 

The  greatest  frequency  of  technical  flakes^  come  from 
the  bouldery  colluvium  between  one  to  eight  feet  in  depth. 
Three  other  technical  flakes  fall  somewhere  between  seven  to 
twelve  feet  in  depth  and  thus  cannot  be  safely  located  in 
terms  of  Goodman's  profile.  A  radiocarbon  date  of  750  years 
(1-8564:  no  range  of  error  given  by  Goodman)  was  obtained 
from  charred  wood  between  four  to  five  feet  in  depth 
( Goodman  n . d . ) . 

One  technical  flake  can  be  confidently  located  in  the 
bouldery  colluvium  between  8  and  15  feet  in  depth.  The  dates 
of  25,  470  +  1700  BP  and  22,400  +  420  BP  on  charcoal 
collected  from  the  silty  carbon  zone  at  15  feet  provide  a 
maximum  age  for  this  specimen. 

Four  technical  flakes  were  recovered  between  15  and  21 
feet  in  depth.  These  specimens  overlie  the  paleosol  between 
21  and  25  feet  in  depth.  No  technical  flakes  were  recovered 
from  the  paleosol  and  it  is  impossible  to  tell  whether 
specimens  the  four  specimens  were  initially  located  at  its 
surface . 

Finally,  three  technical  flakes  were  recovered  between 
24  and  27  feet  in  depth,  below  the  paleosol  and  above  the 
lowest  silty  carbon  zone  identified  by  Goodman  at  27  feet. 


3  'Technical  flake'  refers  to  stone  clasts  exhibiting 
morphological  features  characteristic  of  stone  flakes  in 
human  assemblages 
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The  numerous  chert  spalls,  angular  clasts  and  minimally 
altered  basalt  and  chert  objects  were  recovered  at  various 
depths  throughout  the  section.  The  depths  of  these  specimens 
will  be  discussed  where  pertinent. 

All  of  the  flaked  specimens  are  of  white  to  pale  yellow 
chert,  which  is  represented  on  the  surface  as  spalls, 
flakes,  and  nodules.  From  a  f 1 i ntknapper s  perspective  the 
quality  of  this  chert  is  rather  poor.  Most  nodules  contain 
abundant  internal  flaws  that  cause  them  frequently  to 
shatter  into  angular  spalls  rather  than  producing  flakes. 
However,  broken  bi faces  and  flakes  present  on  the  surfaces 
of  the  slope  attest  to  the  fact  that  aboriginal  craftsmen 
occasionally  did  make  use  of  this  raw  material. 

D.  Natural  Processes 

Whether  or  not  the  specimens  from  this  site  are  in  fact 
artifacts,  it  is  clear  that  the  bulk  of  other  chert  clasts 
in  the  deposits  were  fractured  and  transported  by  several 
geomorphic  processes  (Figure  26).  Initial  disaggregation  of 
chert  from  the  outcropping  high  on  the  talus  slope  resulted 
from  a  variety  of  physical  weathering  processes,  including 
freeze-thaw  fracture,  root  pressure,  and  residual  stress 
release.  The  products  of  these  processes  are  angular 
fragments,  angular  nodules  and  frost  spalls. 

During  transport  down  the  steep  talus  slope  from  the 
chert  outcrops  to  the  excavation  unit,  chert  clasts  probably 
were  subjected  to  periodic  percussion,  as  well  as  continuing 


•'Jpl  * 


Z*  ^ 


■-  4, 


i  »•*',! 


t  f 


'  4  > 

*  ■  .  -4^  » 

’t  ■ '■  »  ,(1.*  Juo^‘'(.?^v '  *./*:  e--rr?q£^t 

ft  T-l  '  *• 

mflV’  .':,  I  \  V 


^  4 . 


■"•  rv>»e 

.  V  ' 

•  ^  ,  "'ll' 

*-*M  <!<*»«  .-*«?».;  ,r  ’  "4^. 


*»«•?  V.  -*=.*  i  ,  tK 

^  ^  F 


t  <, 


t?f  I 


^  j 

’’’  # 


V  ■• 


trl ; 


T«^i  l  . 

.  "• 

! .  ^  .j 


jrfc 


1^!  ■  »(ir»tii  ,,  ,  rflib*Kfc:r 

»^«|  ■<  ■■'i  ! 


tfffigl  ■««M 


A«  c 


•  tj  ’■ 


*r  ' 


4  )H- 


s : 


^  •■  v  .•>*  .» 

I  ^  i  '‘*^1  *0  I* .  >  'W  r'*  .  '  '.'"»r».>  ■  ,  .vpo  ■ 


r. 


S' 


v>wfvV  ,  *  *  ^ "il 

:'‘iP 


—  Vii  F 

Hr-i 


:  *■' 
<»  I 


j>- 


‘il*  )"' 


i^V  <  v-',^  ^  <  d:  ^wnt^- 

vsi  -  I  yu  hV  r^ciq-^b 


Si 


nM  ..*-'  "tiotiail.i'A 


^  T 


*4  J 


•*  t-/*,. 

rT’-« 


-  4, 


•  I  if  rtf 


•'  'C 


■  •'< 


*>  >  J '  #♦  ?  I  Ain-j  ^ • '  >>>19^ 

1. 

t  HftT  ho  \'fr>  ij-' ' :  •  J  L'O  <wi2  «  - 


'  A .■•  ;u  ^T- 

•'.v;»  .  .^h;J  i*f*siM' 

la V  tile  '.•  '•t  'Sprit* 

' .,  '  '■ 

^  ,  '  .s^y-.  y  ,■ 

.x  :  ■■  ^  -  .r-  ^gt  'i?n» 


**''  -,,1  s 

km 

/  Ir 

t, 

..  V 

V 

-t' '  ■*- 

.lA. 

f .. 

^  tii* Xittj  .V  .  ■:  ■-, . 


i< 


„*>'...  ■'’ri.  -- 

T  'j.-'.’.  ■  -*  n  I 


193 


c 

in 

o 

4-* 

if) 

■M 

fO 

o 

r— 

D 

u 

n 

(U 

o 

CK 

TO 

01 

K 

‘W 

c 

Ui 

Vi 

in 

in 

4-> 

■fj 

v 

c 

c 

c 

W 

0) 

aj 

CD 

r- 

<—  -H 

>— 

E 

£ 

»— 

-  E 

TO  M 

TO  Ifl 

TO  W 

TO 

—  53) 

TO 

—  0j 

TO 

TO  CJ) 

TO 

O  TO 

—  TO 

O  TO 

O 

w 

TO  TO 

U  V 

TO  TO 

U  in 

O  TO 

U 

(0 

»— 

U  ■” 

1 — 

•I— 

0) 

O  t. 

—  0) 

O  i. 

—  0) 

—  £. 

—  in 

0) 

c 

COO 

0  O  in 

criL)  in 

D)  C 

JsC 

—  U. 

53)  JC 

—  u. 

53)  JC 

D)u. 

0)  c 

JSC 

o 

0 

53) 

O  4-' 

O  O 

TO 

O) 

O  TO 

0) 

O  TO 

0 

0  c 

TO 

*»- 

•H 

—  t. 

—  L.  C 

—  L,  C 

^  *1^ 

#*- 

^  L- 

«»  F— 

<-  L 

•“ 

>-  jL  in 

r— 

4^ 

o 

O  TO 

0  TO  a 

0  TO  CJ 

w 

O  4-'  JC 

<4- 

0  TO  in 

o  «- 

O  TO  W 

0  «- 

O  TO  m  in  o 

0  +4  r: 

4- 

TO 

3 

SI  — 

s:  <-  B 

i:  -  E 

^  TO  in 

o 

x:  ^  6) 

s:  o 

s:  —  0} 

JC  0 

Z  TO  M 

0 

i. 

tJ 

a  3 

Q.  3  Cf) 

1— 

a  3  O) 

r— 

D.—  •- 

I. 

a  3  ^ 

Cl  t. 

D.ZS  ^ 

a  i- 

a  3  —  3 

a  —  — 

c. 

e 

O 

i.  O) 

i.  D)  TO 

fa 

C.  0)  TO 

TO 

i_  L.  — 

u 

£-  O)  TO 

L.  U 

t.  0)  TO 

L.  U 

£-  CJ)  TO  TO  t! 

£.  £.  — 

0 

•H 

1. 

o  c 

0  C  l- 

Q. 

0  C  i- 

a. 

o  -fj  o 

0  C  r- 

0  — 

o  c  — 

o  — 

O  C  fX—  O 

0  ■«  0 

•r*. 

CL 

e  < 

E  <  u- 

w 

E  <  IL 

CO 

E  in  £1. 

£  <  u. 

£  £ 

E  <  u. 

E  ^ 

E  <  in  iL.  z 

E  in  a 

< 

o 

0 

0 

O 

O 

0 

0 

O  *" 

o 

0 

L 

L.  ^ 

t. 

1_  ^  '-v 

IL  ^ 

L.  ^ 

1.  ^ 

£. 

L,  ^  ^  . — . . — 

L. 

U  TO 

O  TO 

£i 

O  TO 

X) 

O  TO  XJ 

o 

U  TO  XJ 

U  TO 

O  TO  X3 

U  TO 

0  TO  XJ  U  •O 

U  TO  £ 

u 

TO 

TO 

TO 

TO 

TO 

TO 

•»> 

£ 

X 

K 

£ 

nrr 

«fp. 

S 

s: 

s; 

I 


w 

01 

«1 

w 

0) 

u 

o 

L. 


c 

c 

c 

a 

0 

0 

o 

K- 

■  o- 

T3 

+4 

2 

C 

TO 

TO 

TO 

a 

O 

TO 

V) 

CD 

0^ 

01 

Cl 

in 

0) 

d) 

Cl 

Cl 

in 

fi) 

.iC  I~ 

1. 

£. 

l_ 

H- 

4-' 

o 

O  CD 

U) 

0 

u 

H- 

w 

C 

o 

O  TO 

4-»  TO 

4->  0 

o 

♦»- 

ft) 

t_ 

c.  in 

10  CO 

m  TO 

T~- 

1 

L. 

£ 

CL 

T)  in 

TO  CO 

TO  W 

•»- 

c 

n 

C 

0)  — 

^  •»“ 

0 

3 

O 

m  o 

u  o 

O  Q 

in 

ce: 

o 

(_ 

> 

cs 

C4 

P) 

c 

0) 

c 

o 

TO 

t. 

Cl 

•4-’ 


<4- 

TO 

o 

4-'  0) 

C 

i.  a 

o 

CL 

TO  0  a 

o  o 

C/) 

U  C  0 

a  — 

•K 

ui 

W  10 

>s  01  4-' 

TO  3 

o 

Z  Z  3 

£-  O 

a 

cc 

a  4-'  o 

t-  Q 

0) 

oc 

TO 

D 

o 

o 

3 

i) 


LJ. 


194 


physical  weathering  processes.  Movement  of  clasts  downs  lope 
probably  took  the  form  of  rolling  of  individual  particles 
for  short  distances  simply  by  gravity,  or  in  connection  with 
sheet  and  gully  wash.  In  addition,  at  least  some 
catastrophic  events  (land-slides)  probably  took  place  during 
the  build-up  of  the  sedimentary  deposits  as  evidenced  by  the 
boulder  field  adjacent  to  the  site  and  the  numerous  large 
boulders  in  the  site  deposits.  The  first  of  these  transport 
mechanisms  would  be  expected  to  lead  to  micromorphological 
alterations  to  edges  and,  less  commonly,  ridges  of  angular 
clasts.  During  occasions  of  catastrophic  transport,  a 
certain  amount  of  macromorphologi ca 1  alterations  would  be 
expected . 


E.  Macro-Alterations 

The  majority  of  clasts  present  in  the  deposits  and  on 
the  modern  slopes  consist  of  angular,  polyhedral  clasts 
resulting  from  the  physical  and  chemical  weathering 
processes  outlined  above.  In  addition,  a  number  of  frost 
spalls  were  identified  in  the  proposed  artifact  sample. 
Frost  spalls  are  easily  identified  on  the  basis  of 
concentric  rings  originating  from  the  center  of  the  ventral 
surface  (Oakley  1972:  9-11),  feather  terminations  around  the 
entire  perimeter  of  the  spall  (i.e.,  no  proximal  portion), 
negative  "nipples"  (Pei  1939:),  and  the  absence  of 
diagnostic  flake  features  (Plate  7).  In  several  cases,  it 
was  possible  to  observe  incipient  frost  spalls  not  yet  fully 
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Frost  spalls  from  the  ESP  site. 
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detached  from  the  host  nodule  (Plate  8). 

Although  frost  spalls  are  easily  differentiated  from 
flakes,  thermal  spall  scars  left  on  many  parent  nodules  are 
difficult,  if  not  impossible  to  distinguish  from  flake^ 
scars.  In  some  instances  frost  spall  scars  are  recognizable 
when  positive  nipples  are  present  or,  if  the  entire  scar  is 
visible,  when  the  initiation  point  is  lacking.  If  these 
clasts  were  more  fine-grained,  concentric  ripples  would  also 
be  a  useful  indicator  of  freeze-thaw  spalling  versus 
flaking.  However,  since  the  features  outlined  above  are  not 
observable  on  many  specimens  exhibiting  scars,  the  question 
of  whether  or  not  specific  scars  on  flakes  or  spalls  are  due 
to  freeze-thaw  spalling  or  percussion  flaking  is  difficult 
to  determine. 

Excluding  the  obvious  frost  spalls  and  unmodified 
angular  clasts,  the  remainder  of  the  collection  consists  of 
the  22  complete  technical  flakes,  six  distal  or  proximal 
flake  fragments,  and  several  spalls  with  minimally  damaged 
edges . 


F.  Micro-Alterations 

A  small  number  of  spalls  exhibit  microflake  scars  on 
their  edges  and  ridges.  In  the  majority  of  cases  these  scars 
are  isolated  and  randomly  distributed  around  the  edge 
perimeter.  In  a  transport  environment  such  as  envisaged  for 
the  E.S.P.  site  deposits,  these  micro-alterations  would  be 
expected  on  at  least  a  portion  of  the  included  clasts. 
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Plate  8. 


Incipient  frost  spall. 
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Certainly,  there  is  no  evidence  for  intentional  shaping  of 
edge  perimeters.  If  the  damage  exhibited  on  these  specimens 
is  the  result  of  human  action,  it  was  of  a  brief  nature. 

Two  other  clasts  exhibit  a  more  continuously  damaged 
edge  perimeter.  The  large  clast  illustrated  in  Plate  9 
(depth=16-21  feet)  exhibts  2  parallel  unidirectional  flake 
scars  along  a  portion  of  one  edge.  Another  specimen 
possesses  a  series  of  unifacial  microflake  scars  along 
approximately  3.5  cm  of  its  edge  perimeter  (Plate  10: 
depth= 15-17  feet ) . 

Of  the  sample  of  technical  flakes,  many  specimens 
appear  to  be  in  a  relatively  "fresh"  condition.  Plate  11 
illustrates  one  specimen,  a  thin,  fragile  flake  recovered  at 
a  depth  of  approximately  27  feet.  Clearly  this  specimen  had 
not  been  subjected  to  a  vigorous  attritional  environment 
during  its  transport  from  point  of  detachment  to  its  final 
res t i ng  spot . 

G.  Technological  Analysis 

For  purposes  of  this  analysis,  all  flakes  are  initially 
considered  as  a  single  population.  However , i t  should  be  kept 
in  mind  that  specimens  within  this  artificial  population 
were  recovered  from  the  surface  and  at  various  depths  within 
the  site  to  approximately  27  feet. 

Metric  Descr i pt i ons 

The  majority  of  flakes  recovered  from  the  E.S.P.  site 
are  of  medium  size.  Distributional  data  for  weight,  length, 
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Plate  11.  Thin  flake  from  the  ESP  site. 
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width  and  thickness  are  displayed  in  Table  32.  Approximate 
flake  surface  data  are  given  by  the  length  x  width  index  in 
Table  32. 

Clearly  the  majority  of  flakes  in  the  E.S.P.  collection 
are  not  large  flakes  removed  by  extreme  force.  Rather,  these 
specimens  would  have  required  only  modest  force  for  removal. 
Gross  two-dimensional  shape  characteristics  are  given  by  the 
length/width  index  presented  in  Table  32.  These  data 
indicate  a  population  of  specimens  that  are  generally  at 
least  as  long  as  wide,  with  some  specimens  approaching  the 
proportions  of  a  blade. 

Platform  Angle 

Distributional  data  for  platform  angle  as  a  continuous 
level  measure  are  presented  in  Table  32.  As  platform  angle 
is  largely  determined  by  initial  core  face  angles  and  force 
direction,  these  data  indicate  a  rather  high  incidence  of 
outward  force  vectors.  These  data  reveal  the  absence  of 
platform  angles  within  expected  ranges  for  biface  thinning. 
Proximal  End  Attributes 

Descriptive  statistics  for  platform  depth  and  width  are 
presented  in  Table  32.  These  statistics  describe  a 
population  of  platform  dimensions  that  are  of  medium  depth 
and  width.  In  no  instance  is  the  PFA  located  exceedingly  far 
from  the  edge,  and  in  most  cases  the  platform  does  not 
appear  to  have  been  isolated  to  any  great  degree. 

Frequency  data  for  platform  surface  attributes  are 
presented  in  Tables  33  and  34.  The  majority  (54%)  of 
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Table  33 


Platform  Surface  Morphology 


Category  Label 

Absolute 

Freq 

Relat i ve 
Freq 
( Pc  t ) 

Adjusted 

Freq 

(Pet) 

Cum 
Freq 
(Pet ) 

Cortex 

12 

54.5 

70.6 

70.6 

1  Scar 

3 

13.6 

17.6 

88 . 2 

2-3  Scars 

1 

4.5 

5.9 

94  .  1 

Ground  Surface 

1 

4.5 

5.9 

100.0 

I ndeterminate 

5 

22.7 

Missing 

100.0 

Total 

22 

100,0 

100.0 

Table  34 


Platform  Preparation  Scars 


Category  Label 

Absolute 

Freq 

Relative 
Freq 
(Pet ) 

Adjusted 
Freq 
(Pet ) 

Cum 
Freq 
(Pet ) 

No  Scars 

5 

22.7 

22.7 

22.7 

1-3  Scars 

16 

72.7 

72.7 

95.5 

4-6  Scars 

1 

4.5 

4.5 

100.0 

Total 

22 

100.0 

100.0 
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platform  surfaces  are  cortical.  However,  many  had  no  visible 
facets,  and  it  was  impossible  to  determine  if  the  surface 
was  cortical  or  not.  At  least  three  specimens  exhibited  a 
non-cortical  single  facet  platform  surface.  One  of  these 
specimens  exhibits  a  ground  platform  surface  (depth=4-7 
feet)  and  one  other  has  several  flake  scars  (depth  7-12 
feet)  originating  from  the  platform  area. 

Possible  evidence  for  isolation  of  the  platform  area  is 
provided  in  Table  34,  recording  the  incidence  of  platform 
preparation  scars.  These  data  indicate  that  many  specimens 
exhibit  at  least  one  previous  flake  scar  on  the  dorsal 
proximal  surface.  By  contrast,  only  five  specimens  reveal  no 
potential  platform  preparation  scars. 

Specimens  exhibiting  a  single  or  multiple  flake  scars 
originating  from  the  platform  surface  are  illustrated  in 
Plate  12.  These  scars  represent  percussion  damage  to  the 
platform  area,  in  all  probability  occurring  prior  to  flake 
detachment . 

Dorsal  Surface  Character icst ics 

Frequency  data  for  dorsal  surface  attributes  of  percent 
cortex  and  number  of  dorsal  surface  scars  are  presented  in 
Tables  35  and  36.  A  high  proportion  of  indeterminate 
observations  exists  for  both  attributes.  This  fact  is  due  to 
the  difficulty  in  determining  what  constitutes  a  cortical 
surface  for  this  raw  material.  in  determining  possible 
dorsal  surface  flake  scars,  it  proved  difficult  to  determine 
if  dorsal  surface  ridges  reflect  the  prior  removal  of 
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Plate  12.  Platform  preparation  scars  on  ESP  flakes. 


Table  35 


Percent  Cortex 


Relative 

Adjusted 

Cum 

Category  Label 

Absolute 

Freq 

Freq 

Freq 

Freq 

(Pet) 

(Pet) 

(Pet) 

Indeterminate 

6 

27.3 

27.3 

27.3 

No  Cortex 

7 

31.8 

31.8 

59.  1 

One  Quarter  or 

Less  2 

9,1 

9.  1 

68.2 

To  One  Half 

5 

22.7 

22.7 

90.9 

All  Cortex 

2 

9.  1 

9.  1 

100.0 

Total 

22 

100.0 

100.0 

Table  36 


Dorsal  Scars 


Category  Label 

Absolute 

Freq 

Relative 

Freq 

(Pet) 

Adjusted 

Freq 

(Pet) 

Cum 
Freq 
(Pet ) 

I nde terminate 

5 

22.7 

22.7 

22.7 

One  Scar 

5 

22.7 

22.7 

45.5 

Two  Scars 

9 

40.9 

40.9 

86.4 

Three  Scars 

2 

9.  1 

9.  1 

95.5 

Six  Scars 

1 

4.5 

4.5 

100.0 

Total 

22 

100.0 

100.0 
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percussion  flakes  or  frost  spalls.  For  these  reasons,  little 
confidence  can  be  placed  in  these  observations. 

Flake  Terminations 

Frequency  data  for  flake  terminations  is  presented  in 
Table  37.  In  this  case  indeterminate  observations  (22.7%) 
reflect  either  step  terminations,  or  flakes  that  terminated 
off  the  core  edge  leaving  a  right  angled  distal  end.  Of  the 
remaining  specimens,  the  majority  (54.5%)  exhibit  feather 
terminations,  with  the  next  largest  category  being  hinge 
terminations  (18.2%). 

H.  Discussion 

Evaluation  of  these  stone  specimens  is  hindered  by  the 
small  sample  size,  the  great  vertical  separation  of 
specimens,  and  the  coarse-grained  texture  of  the  raw 

material,  all  of  which  makes  it  difficult  to  identify 
important  attributes  with  confidence.  However,  the 

geomorpho 1 og i ca 1  context  allows  limited  evaluation  of  the 
artificial  or  natural  status  of  these  specimens.  The 

following  discussion  focuses  on  only  the  technical  flake  and 
flake  fragments  from  the  site,  as  the  remainder  of  the 
collection  consists  of  specimens  exhibiting  no  evident  human 
alteration  (i.e.,  no  evidence  of  percussion  flake  removal), 
or  those  in  which  the  evidence  is  so  minimal  as  to  preclude 
meaningful  evaluation. 
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Table  37 


Flake  Terminations 


Category  Label 

Absolute 

Freq 

Relat i ve 
Freq 
(Pet ) 

Adjusted 
Freq 
( Pc  t ) 

Cum 
Freq 
{ Pc  t ) 

Indeterminate 

5 

22.7 

22.7 

22.7 

Feather 

12 

54.5 

54.5 

77 . 3 

Step 

1 

4.5 

4.5 

81.8 

Hinge 

4 

18.2 

18.2 

100,0 

Total 

22 

100.0 

100.0 
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Arguments  For  a  Human  Origin 

The  strongest  argument  for  a  human  origin  for  the 
specimens  under  consideration  (flakes  and  flake  fragments) 
lies  in  their  objective  status  as  technical  flakes  removed 
either  by  percussion  blows  or  pressure.  However,  it  has  been 
demonstrated  elsewhere  that  natural  agencies  of  sufficient 
energy  do  exist  which  are  capable  of  producing  stone  flakes 
exhibiting  similar  minimal  morphological  features  (i.e., 
ribs,  hackles,  etc.)  as  are  produced  in  human  stoneworking. 
Using  only  this  argument  the  question  comes  down  to  a 
probaba  1 i s t i c  assessment  as  to  whether  or  not  a  collection 
of  this  size  could  conceivably  have  been  produced  by  natural 
forces  alone,  given  the  abundance  of  available  flakeable 
materials  and  the  potential  energy  indicated  by  the 
depositional  agencies  at  the  site. 

A  satisfactory  answer  to  the  first  part  of  the  question 
is  unfortunately  precluded  by  the  excavation  procedures 
employed  prior  to  the  1979  field  season  when  control  samples 
of  presumed  naturally  fractured  specimens  were  not 
collected.  The  control  data  collected  during  the  1979  field 
season  are  useful  but  not  directly  applicable,  as  no  flakes 
were  recovered  during  those  excavations.  However,  the 
control  data  are  not  completely  reliable  for  other  more 
serious  reasons.  In  contrast  to  the  geological  situation 
described  for  the  Timlin  site,  the  lithology  represented  by 
the  E.S.P.  site  materials  has  a  definable  outcrop  location 
from  which  all  materials  must  have  been  transported  either 
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by  natural  or  cultural  agencies.  At  the  Timlin  site, 
previous  glacial  transport  served  effectively  to  distribute 
the  two  lithologies  across  the  landscape.  Given  the 
situation  with  a  Known  local  outcrop,  materials  transported 
to  the  site  area  would  have  undergone  alteration  and  size 
reduction  throughout  their  life  history.  On  the  other  hand, 
small  flakes  may  well  have  been  created  at  some  distance 
from  their  final  resting  place  (assuming  some  limiting  size 
range  beyond  which  clasts  are  only  slowly  reduced).  Given 
this  situation  it  would  be  incorrect  to  compare  the  size  of 
flakes  with  potential  parental  nodules  in  the  form  of 
natural  clasts  from  the  site  deposits. 

An  assessment  of  the  potential  for  natural  processes, 
(as  represented  by  the  deposits  at  the  site  and  elsewhere  up 
the  slope),  to  fracture  chert  conchoidally  is  an  elusive 
problem.  Clearly,  the  coarseness  of  the  excavated  deposits, 
including  igneous  boulders  up  to  four  feet  in  diameter, 
implies  at  least  rare  episodes  in  which  energy  was 
theoretically  sufficient  to  remove  stone  flakes  of  the  size 
represented  in  the  collection.  The  periodicity  of  this 
energy  level  would,  however,  be  a  matter  of  pointless 
speculation. 

As  discussed  earlier  in  this  section,  the  majority  of 
materials  represented  at  the  site  probably  reached  their 
present  position  thru  far  less  vigorous  transport 
mechanisms:  soil  creep,  runoff  and  rolling  of  larger  clasts 
after  they  had  been  set  in  motion.  These  movements  would 
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have  been  of  insufficient  energy  to  produce  even  the 
medium-sized  flakes  represented  in  the  E.S.P.  collection. 
Their  primary  effect  would  have  been  of  a  much  smaller  scale 
including  edge  and  ridge  mi crof 1 aki ng . 

Thus  the  case  for  an  artificial  status  of  the  flakes 
from  this  site  is  very  weak  when  considering  only  their 
status  as  flakes  in  light  of  potential  geomorphic  forces. 
Given  randomly  occurring  percussion  blows  of  clast  against 
clast  during  periods  of  mass  movement  (or  at  least  movement 
of  large  masses)  some  30-odd  flakes  scattered  throughout  a 
3000  plus  square  foot  area  and  representing  over  25,000 
years  of  time  is  not  an  unreasonable  expectation. 

The  technological  analysis  discussed  previously 
provides  little  data  concerning  flake  attributes  which  would 
support  an  argument  for  an  artificial  status  for  the 
specimens.  However,  on  the  other  hand,  none  of  these 
specimens  would  seem  anomalous  within  a  primary 
archaeological  context. 

Attributes  of  gross  shape  indicate  only  that  relatively 
little  force  would  have  been  required  for  removal  of  these 
flake  specimens.  This  observation  fits  well  with  an 
hypothesis  of  natural  flaking,  but  is  certainly  also 
reconcilable  with  a  human  origin  hypothesis. 

Platform  angles  are  generally  within  the  range  of 
values  employed  by  hominid  f 1 i ntknapper s .  Although  the 
values  are  all  somewhat  steep,  this  range  could  be  expected 
in  initial  core  preparation.  The  negative  implication  of  the 
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range  of  platform  angle  values  is  simply  that  bifacial 
thinning  was  not  an  activity  represented  by  these  specimens. 

Proximal  end  attributes  and  dorsal  surface 
characteristics  provide  only  ambiguous  information  with 
which  to  evaluate  this  collection.  Metric  data  platform 
width  and  depth  indicate  little  in  the  way  of  platform 
isolation  but  with  the  point  of  force  application  located 
near  the  core  edge.  Possible  platform  preparation  scars, 
while  evident  on  several  specimens,  do  not,  in  most 
instances  follow  a  pattern  consistent  either  with  platform 
isolation  or  the  removal  of  overhangs.  Platform  surface 
morphology  reveals  little  evidence  of  modification  prior  to 
flake  removal  except  in  the  case  of  several  specimens 
exhibiting  ground  or  faceted  platforms.  The  data  recorded 
for  dorsal  surface  characteristics  could  potentially  be  used 
to  argue  for  human  alteration  given  the  high  incidence  of 
one  or  more  dorsal  ridges.  Although  this  conclusion  may  be 
correct,  the  nature  of  the  physical  weathering  environment, 
especially  as  indicated  by  the  numerous  frost  spalls,  makes 
this  conclusion  extremely  tenuous. 

Arguments  For  a  Natural  Origin 

Initially,  it  must  be  reiterated  that  the  geomorphic 
situation  at  the  E.S.P.  site  is  theoretically  competent  to 
produce  limited  percussion  flaking.  Given  this  beginning 
premise,  what  evidence  can  be  marshaled  to  support  the 
position  that  natural  events  actually  are  responsible  for 
the  production  of  all  flakes  in  this  collection? 
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Both  the  size  of  the  sample  and  the  vertical 
distribution  of  specimens  are  in  conformity  with  an 
hypothesis  of  natural  flaking.  Extrapolating  the  22,000  BP 
date  at  15  feet  down  to  27  feet  would  yield  an  average  of 
one  flake  every  1500  years.  However,  the  greatest  frequency 
of  flakes  occurs  in  the  upper  eight  feet  of  deposits 
representing  perhaps  as  little  as  one  thousand  years. 

The  size  of  the  flakes  is  also  in  conformity  with  a 
natural  fracture  model.  Given  the  difficulty  in  removing 
large  flakes  in  even  a  high  energy  environment  when  the 
respective  particles  are  moving  rapidly,  small  to 
medium-sized  flakes,  like  those  represented  in  the  E.S.P. 
collection,  would  be  an  expected  end-product.  Angles  of 
specimens  are  never  less  than  45  degrees  which,  if  coupled 
with  moderate  length  and  a  relatively  thin  cross-section. 
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numbers  of  microflake  scars  should  be  removed  from  a  given 
core  face.  In  addition,  those  core  faces  more  easily  failed 
by  virtue  of  their  angle  would  presumably  be  more 
susceptible  to  both  microflaking  and  the  removal  of  large 
flakes.  Thus  whether  or  not  a  given  flake  exhibits 
pseudo-platform  preparation  scars  would  depend  upon  whether 
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or  not  previous  blows  adjacent  to  the  same  core  edge  had 
occurred  which  were  either  of  lesser  force  or  located  nearer 
the  core  edge.  I  have  tried  to  argue  that  this  occurrence 
would  be  of  sufficient  frequency  in  this  context  to  result 
in  a  number  of  f lakes  bearing  these  features. 

Further  attributes  such  as  percent  cortex  or  dorsal 
scars  are,  for  reasons  discussed  earlier,  of  questionable 
value  in  evaluating  alternative  models  for  the  origin  of 
these  specimens. 

In  conclusion,  none  of  the  data  recorded  in  this  study 
would  appear  to  contradict  a  natural  origin  for  the  flakes 
and  flake  fragments  from  this  site.  However,  as  indicated 
earlier,  these  specimens  would  not  be  out  of  place  from  an 
archaeological  site  in  primary  context. 

I.  Conclusion 

The  preceding  analysis  and  discussion  has  demonstrated 
that  the  bulk  of  specimens  making  up  the  E.S.P.  collection 
are  either  products  of  natural  forces  and  processes  or  which 
they  exhibit  no  alterations  that  would  indicate  that  they 
had  been  altered  by  human  activity.  These  specimens  consist 
of  thermal  spalls  and  irregularly-shaped  clasts  exhibiting 
no  evidence  of  conchoidal  fracture.  Clearly  these  specimens 
could  have  been  utilized  by  humans  though  if  they  were  they 
left  no  observable  traces. 

The  remainder  of  the  collection,  consisting  of 
technical  flakes  and  flake  fragments,  is  of  more  uncertain 
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status.  Given  the  size  and  dispersed  nature  of  the 
collection  it  is  impossible  to  reach  any  definite 
conclusions  as  to  whether  the  specimens  are  naturefacts  or 
artifacts.  The  specimens  do  conform  to  a  natural  fracture 
model  if  the  geomorphic  reconstruction  outlined  earlier  has 
any  validity.  On  the  other  hand,  the  flakes  are  not  unlike 
those  removed  by  hominids  in  the  initial  stages  of  core 
reduct i on . 

Leaving  aside  the  inconclusive  question  of  whether  the 
specimens  are  artifacts,  a  more  attainable  question  can  be 
posed.  Does  the  collection  of  flaked  chert  excavated  thus 
far  justify  the  further  expenditure  of  time  and  effort  at 
this  location?  By  way  of  a  negative  response  to  this 
rhetorical  question  I  would  put  forward  the  following 
argument.  From  the  preceding  discussions  I  would  argue  that 
the  case  for  a  human  origin  for  these  specimens  is  very  weak 
given  their  context.  Further,  if  in  fact  these  specimens  are 
artifacts,  (possibly  the  result  of  random  rock  smashing  by 
hominids  testing  the  quality  of  the  local  materials)  there 
appears  to  be  no  incontrovertible  way  to  demonstrate  that 
fact  even  if  half  the  mountain  were  excavated.  On  the  other 
hand,  these  materials  may  be  derived  from  a  series  of  intact 
deposits  farther  upslope  or  be  merely  the  remnants  of  at  one 
time  more  extensive  sites  in  the  general  vicinity  of  the 
present  site.  Given  the  general  thinning  of  sediments 
upslope  the  former  possibility  is  unlikely  and  would  in  any 
case  be  a  hit  or  miss  proposition.  The  latter  possibility. 
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though  more  probable  leaves  the  same  problem  that  if  the 
remainder  of  the  site  has  been  largely  removed  and  scattered 
there  would  be  no  means  of  demonstrating  a  hominid  presence. 
In  conclusion  then,  I  would  argue  that  this  'cryptic' 
redeposited  site  fails  to  meet  any  standards  of  verification 
and  would  probably  continue  to  do  so  even  in  the  event  of 
future  more  extensive  field  work. 
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VII.  Summary,  Conclusions,  and  Suggestions  for  Future 

Research 


A.  Introduction 

In  preceding  chapters  the  problem  of  evaluating  natural 
versus  human  modifications  of  stone  was  examined.  In  Chapter 
II  it  was  concluded  that  existing  research  tools  for 
addressing  this  question  were  inadequate  and  in  some  cases 
inappropriate.  Chapter  III  attempted  to  place  natural 
fracture  research  on  a  firmer  footing  by  emphasizing 
contextual  analysis  and  the  utility  of  performing  analyses 
of  manufacturing  patterns.  Finally,  an  attempt  was  made  to 
evaluate  the  status  of  fractured  stone  specimens  from  three 
widely  separated  excavated  sites  representing  different 
geo.morphic  contexts.  The  purpose  of  the  present  chapter  will 
be  to  summarize  and  review  the  utility  of  the  analytical 
methods  outlined  previously  in  terms  of  their  utility  in 
gaining  a  better  understanding  of  fracture  processes  at 
these  three  sites.  Suggestions  for  future  experimental  and 
empirical  research  are  outlined  in  the  final  section. 

B.  Summary  and  Evaluation  of  Case  Studies 
Intnoduct ion 

In  chapters  IV,  V,  and  VI,  three  sites  were  examined  in 
terms  of  their  geomorphic  context  and  alteration  of  stone 
specimens.  At  each  site  both  the  geomorphic  situation  and 
the  nature  of  flaKeable  raw  materials  were  quite  different. 
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Comparisons  and  contrasts  of  these  differences  will  be  made 
in  the  present  section. 

Contextual  Analysis 

In  Chapter  III  it  was  stressed  that  various  geomorphic 
processes  transport  specimens  in  different  manners  due  to 
variable  energy  levels  and  the  nature  of  the  transport 
medium.  In  addition,  physical  weathering  environments  may 
differ  greatly  between  specimens  deposited  within  a 
temperate  floodplain  environment  and  specimens  deposited  in 
high  altitude  colluvial  sediments.  The  Kinds  of  physical  and 
chemical  weathering  processes  in  these  environments  can  be 
expected  to  produce  different  weathering  products. 

At  the  Timlin  site,  reconstructable  geomorphic 
environments  included  glacial  and  fluvial  transport  of 
natural  clasts  and  fluvial  transport  of  the  artifactual 
specimens.  At  this  site  it  was  possible  to  distinguish 
specimens  that  had  conclusively  been  transported  by  glacial 
ice  (presence  of  striations).  The  absence  of  striations  on 
the  proposed  artifact  assemblage  posed  a  strong  argument 
against  their  fracture  in  a  glacial  environment  and  the 
existence  of  a  collection  of  clasts  that  could  be 
demonstrated  to  have  been  glacially  fractured  allowed  the 
comparison  of  Known  natura 1 ly- fractured  specimens  with  the 
proposed  artifact  collection.  Using  these  lines  of  evidence 
it  was  possible  to  construct  a  strong  case  against  the 
fracture  of  the  Timlin  collection  by  glacial  action.  In  this 
case  statistical  comparisons  of  these  two  populations  was 
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appropr i ate . 

At  the  Caribou  Island  site,  Known  nature  1 1 y- fractured 
specimens  were  available  as  well.  In  this  instance  specimens 
had  been  fractured  in  a  manner  and  from  directions 
uncharacteristic  of  human  stoneworking  techniques  involving 
rounded  quartzite  cobbles.  Some  of  the  fracture  patterns 
were  shown  to  be  the  result  of  high  energy  pressure,  which 
would  not  have  been  possible  for  people  to  produce.  Other 
specimens,  characterized  by  transverse  splitting,  could  have 
been  produced  by  human  beings,  (though  they  rarely  employed 
this  fracture  strategy).  Again,  in  this  situation  it  was 
valid  to  perform  comparative  analyses  between  populations. 

The  E.S.P.  site  collection  presented  a  more  difficult 
analytical  problem.  Within  this  collection  the  vast  majority 
of  specimens  were  demonstrated  to  be  the  result  of  natural 
processes.  Identifiable  processes  included  freeze-thaw 
spalling,  and  other  physical  weathering  phenomena.  Because 
attributes  on  these  natural  specimens  were  not  comparable  to 
those  on  the  technical  flakes  in  the  collection,  it  was  not 
possible  to  perform  meaningful  comparative  analyses  of  human 
versus  natural  flaking. 

In  the  analysis  of  all  three  sites,  the  first  step  was 
to  attempt  to  segregate  specimens  on  the  basis  of  observable 
attributes  into  populations  of  naturally-fractured  specimens 
and  those  that  may  be  either  natural  or  human.  If  the 
fracture  end-products  are  comparable  then  it  is  possible  to 
undertake  comparative  statistical  analyses  between 
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populations.  If  this  cannot  be  carried  out  due  to  a  lack  of 
comparability  then  the  initial  segregation  at  least  performs 
the  function  of  reducing  the  number  of  specimens  under 
observation  and  in  clarifying  the  character  of  the 
fracturing  environment  for  the  general  reader. 

At  most  reported  questionable  sites  in  the  New  World 
(as  well  as  in  unquestionable  sites),  proposed  human 
specimens  generally  occur  with  many  other  fractured  clasts 
that  are  not  felt  to  be  artifacts.  However,  it  is  rare  that 
the  report  cites  criteria  used  for  identifying 
naturally-fractured  clasts.  Without  an  initial  attempt  to 
identify  a  population  of  natura 1 1 y- fractured  clasts, 
comparative  analyses,  such  as  undertaken  by  Duvall  and 
Veneer  (1980),  are  inappropriate.  More  serious  problems  are 
encountered  when,  as  in  the  study  by  Taylor  and  Payen  (1979) 
natur a  1 1 y- fractured  clasts  are  subjectively  identified  but 
are  nevertheless  included  within  the  total  population  for 
analytical  purposes. 

When  a  contextually-oriented  analysis  is  performed  it 
may  be  possible  to  exclude  with  confidence  one  or  more  of 
the  alternative  fracture  models  from  consideration,  or  at 
least  to  reduce  the  number  of  specimens  from  the  field  of 
observation.  The  Timlin  site  analysis  demonstrated  with  a 
high  probability  that  glacial  transport  was  unlikely  to  have 
produced  the  proposed  art i factual  specimens  from  the  site. 
Within  the  E.S.P.  site  collection,  numbering  several  hundred 
specimens,  all  but  about  30  could  be  safely  excluded  from 


i  mt 


1 1 


t-  If 


'I 


!  >l 


•1 :) 't 


*  b^iy^  •  i  M 


s  •' 


.jn^  Ji.  .  ;;.  («c 

-Ct  '"srtj  *?  ,• 

,  ,.f'.ii  -  «<17 

o  I  : 

\ 

-  f*.,,  ^'1 

V 

■I  ■■■?.-  ' 

ryifitft-  iipri**  ♦r.i^xji  j  ,-»^*jpnoL  '  ni  j®  >  -.  *  j.  /  } 

’  '  V''^rJl..;C<.*  ’1UOI2C  VH  ■*  *f'' i  ' 

ii'ol  ]^vf  o’r  -  Ytfrtt 


f  'If.-  .Tt  nR 


■f.r 


s. 


f,?  I  i  lli^IKOqrt 


•JT 


Juor:  iiv .. 


.  i 

;t3ir»H  :.Uv/t^  ^  -0O^  ■  »  ^ 

'tr  ■ 


'f»?f  t  «i::i  ^ /i.rl*' 

-  ’t-SFD-:  ^ 


’o.f  ^  r I  u-cirq ,  ts  ;  1 1  Tn*if^  ■ 


u»« 


>'.  '  * 


V' 

'3.'  "  -'r/v/*  'jTh'fTA  ■  “''  '  '  ' 


•"./ 1  .  ,  t 


•«i<i .  i 


■  .‘f  t'T-#  !$»<'’  ’'■•■'  tt  Sv  J.  wv"^  r.r^  <!> 

^  .'Won'^uq 

......  a  •  .-La  1  '  '  '  '■ 

*  '  •'-'t  f\ 

X\.: 


t,  , 

fV>  ^tW 

B.  ,.if  .  •  ^ 


■»  (jJ 

_  f 

I  ^ 


-?L-f 


»  X 


t  -•-.  f  »>  f?'J  C«:^r*  ,e  r.  -  ^  ' 

oh  .''•>w^  ,-  ,  vA> 


*lj 


S-H 


*'4- 


¥ 


«V  " 

»*'*)•  r.^  '--5  r  *  O-’  »->- i'/i  - 

iw.  ’  r  ■«*.  - 


1'  ••".T’  ;  i 


V,  '.  —  '  "  '  '  r-'Unf'  •• 

■>  ’.•'  •  .i'4  ■  ■  ^  ■  ,, ,  '.  .  ^  ■  -  -  r 

V'^ '<v  jn:>qc^..  v  ;arq€/];i  riti;  ,  ; '  f  fdlx!>,j*tc 

i  f-'  .  (1*  >  ' 

r  #fit,  ■  wytl*  Z  i  f  ‘iyic*  "'  iy  ♦,  '  Nl^C^JtO^^ 


i>(i 


H  ■  ’  .  'Vv.  ;  ^ 


%  '*  « 
< 


«»d' 


3  ^  u  •  r;ihJ  / 


•  :  i  '  j-  I  .  ..te 


•.:  .^f--  J  •' 
,-’<f  - 

e.®v  ■  ^- 


'  •'■.■  •  if  '■ 

.  .2. 


r 


V  ‘  * 


'-li': 


,  .  Nil, 


226 


further  analysis  because  they  were  demonstrably  natural  in 
origin. 

In  other  instances,  the  elimination  of  alternative 
hypotheses  cannot  be  carried  out  with  such  a  high  degree  of 
confidence.  Within  the  analysis  of  the  Timlin  site 
collection,  fracturing  of  chert  clasts  during  fluvial 
transport  could  not  be  excluded  with  very  high  confidence. 
Rather,  the  combination  of  empirical  lines  of  evidence 
(including  flake  scar  widths),  theoretical  arguments 
regarding  processes  of  fluvial  transport  and  associated 
energy  levels,  as  well  as  the  technological  arguments,  made 
this  alternative  natural  fracture  hypothesis  less  acceptable 
than  a  human  origin  for  the  specimens. 

In  the  analysis  of  the  E.S.P.  site  collection  the 
alternative  arguments  for  either  a  human  or  natural  origin 
for  the  flakes  was  even  less  conclusive.  The  lines  of 
argument  for  a  human  origin  were  so  weak  in  this  case  as  to 
make  the  alternative  natural  fracture  hypothesis  the 
stronger  of  the  two  given  the  geomorphic  context  of  the 
specimens . 

Technological  Analysis 

As  discussed  in  Chapter  III,  a  technological  analysis 
of  flaked  stone  assemblages  should  form  a  basic  component  of 
any  report  on  a  particular  site.  At  the  very  least  such  a 
study  allows  the  reader  to  gain  an  appreciation  of  the  range 
of  materials  collected  from  the  site.  However,  for  most 
sites  containing  questionable  flaked  stone  materials  it  is 
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doubtful  whether  a  technological  analyis  will  provide  proof 
positive  of  a  human  origin  for  the  specimens.  Generally, 
assemblages  of  questionable  specimens  exhibit  only  minimal 
evidence  of  modification,  hence  their  "questionable"  status. 
On  the  other  hand,  when  combined  with  contextual  analyses, 
the  technological  approach  may  bring  forward  essential  lines 
of  argument  which  can  be  used  to  evaluate  questionable 
assemb 1  ages . 

In  the  evaluation  of  the  Caribou  Island  site 
collection,  the  technological  analysis  provided  strong 
evidence  for  non-acceptance  of  the  bulk  of  fractured  clasts 
from  the  lower  gravels.  In  this  instance,  the  argument 
against  a  human  origin  was  not  that  human  beings  could  not 
duplicate  similar  fracture  by-products,  but  that  human 
beings  rarely,  if  ever,  attempted  to  fracture  rounded 
quartzite  cobbles  in  this  manner. 

The  technological  analysis  of  the  Timlin  site  was 
equally  informative  both  in  terms  of  supporting  a  human 
origin  for  the  flakes  and  cores  from  the  site  as  well  as 
providing  a  possible  explanation  for  the  occurrence  of  the 
specimens  in  the  stream  gravels  of  the  site.  This  analysis 
provided  convincing  proof  that  although  g 1 aci a  1 ly- f 1 aked 
stone  clasts  and  flakes  occur  in  the  stream  gravels,  the 
ranges  of  values  for  various  flake  attributes  differ  to  such 
a  degree  that  a  glacial  origin  could  be  confidently 
rejected.  In  addition,  a  fluvial  origin  was  assessed  as 
being  of  low  probability,  given  the  ranges  of  values  for 
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attributes  of  flake  size  and  manufacturing  attributes, 

On  the  other  hand,  the  technological  analysis  of  the 
E.S.P.  site  materials  was  essentially  inconclusive  with 
respect  to  the  question  of  a  human  versus  a  natural  origin. 
This  analysis  was  hampered  by  the  small  sample  size,  the 
coarse  lithology  of  the  specimens,  and  the  nature  of  the 
physical  weathering  environment. 

C.  Suggestions  for  Future  Research 
Empirical  and  Experimental  Research 

Empirical  and  experimental  research  into  natural 
processes  of  rock  fracture  is  a  necessary  pre-requisite  to 
strengthening  assessments  of  the  status  of  questionable 
assemblages.  Much  useful  research  is  already  being  conducted 
with  respect  to  micromorphological  alterations  as 
exemplified  by  the  work  of  Keeley  (1980)  and  Stapert 
(1976a).  These  studies  promise  to  place  the  evaluation  of 
micromorphological  alterations  on  fairly  firm  ground. 

The  same  unfortunately  cannot  be  said  for  pertinent 
research  into  natural  micromorphological  alterations.  This 
lack  of  research  relates  to  difficulties  in  obtaining 
funding,  the  goals  of  specific  investigators,  and  the 
difficulties  inherent  in  either  observing  of  experimentally 
reproducing  natural  processes  of  the  appropriate  scale. 

Regarding  the  first  two  points,  the  lack  of  funding  and 
research  interests  of  persons  interested  in  the  question  of 
early  man  in  the  New  World  are  interrelated.  Firstly,  the 
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standards  of  verification  of  many  scholars  and  funding 
administrators,  preclude  the  consideration  of  redeposited 
sites  as  valid  evidence  (Griffin  1979).  It  is  generally 
considered  a  higher  priority  to  search  for  new  sites  rather 
than  attempt  to  resolve  the  issues  raised  by  excavated 
sites.  Regarding  the  question  of  the  natural  versus  human 
fracture  of  bone  a  similar  situation  does  not  exist. 
However,  if  it  were  not  for  the  relevance  of  such  studies  to 
early  man  research  in  other  areas,  specifically  Africa,  it 
is  doubtful  that  such  research  in  the  New  World  would  be 
generously  funded. 

Secondly,  scholars  interested  in  the  question  of  early 
man  in  the  New  World  consistently  fail  to  address  the 
problem  of  natural  fracture  of  stone.  With  notable 
exceptions  (e.g..  Reeves  1980,  1981),  these  archaeologists 
seem  content  to  engage  in  a  fruitless  dialogue  that  can 
never  be  resolved  without  objective  consideration  of 
multiple  hypotheses  of  stone  alteration  origin..  Rather, 
these  scholars  jump  from  site  to  site  revealing  tantalizing 
clues  seldom  backed  by  carefully  gathered  evidence. 

Regarding  the  third  problem,  it  is  true  that  natural 
processes  are  difficult  to  observe  or  replicate.  However, 
limited  study  of  particular  environments  are  feasible  as 
indicated  by  the  Savage  River  study.  In  addition,  it  is  not 
necessary  to  replicate  or  observe  every  conceivable  natural 
process.  As  outlined  in  Chapter  3,  if  Knowledge  can  be 
gained  regarding  the  relevant  parameters  of  specific 
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environments,  it  should  be  possible  to  deduce  expected 
alterations  given  a  defined  set  of  input  conditions. 
Technological  Analyses 

The  most  important  realm  of  research  to  aid  the 
technological  analysis  falls  into  two  groups:  those  that  aid 
in  understanding  the  processes  by  which  specific  attributes 
are  produced  and,  those  that  deal  with  inferences  stemming 
from  the  combination  of  attributes  on  specimens. 

Research  into  the  first  group  has  been  underway  since 
the  early  1960's  beginning  with  Crabtree's  (1972)  important 
study  and  later  more  quantified  reserach  (Bonnichsen  1977, 
Faulkner  1972,  Speth  1972).  This  research  is  promising  and 
has  served  as  the  basis  for  this  thesis  which, 
unfor tunat ley ,  was  largely  confined  to  attribute  analyses. 

Strengthened  evaluation  of  technological  analyses  will 
only  come  about  with  means  by  which  attributes  can  be 
evaluated  in  terms  of  their  pattern  on  individual  specimens. 
Pattern  analysis  may  take  the  form  of  the  reconstruction  of 
production  grammers  of  specimens  and  comparison  of  the 
grammer  to  known  production  grammers  from  experimental  or 
prehistoric  craftsmen.  Young  and  Bonnichsen  (n.d.a,  n.d.b) 
are  pioneering  research  into  the  technological  grammer  of 
experimental  craftsmen.  If  reconstructed  grammers  from 
questionable  specimens  were  found  to  "not  make  sense"  in 
terms  of  an  overall  production  strategy  it  may  be  possible 
to  infer  a  natural  origin  (D.E.  Young,  personal 
communication  1982).  The  obvious  drawback  to  application  of 
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these  methods  lies  in  the  minimal  alteration  exhibited  by 
specimens  from  most  questionable  assemblages. 


D.  Conclusion 

The  question  of  the  antiquity  of  human  beings  in  the 
New  World  is  an  important  question  for  North  American 
Archaeologists.  Thus  far  the  approaches  taken  to  address 
this  question  have  been  largely  unsystematic  and  undirected. 
This  thesis  has  attempted  to  provide  at  least  a  general 
direction  for  research  into  one  important  area  in  the 
overall  problem:  that  of  recognizing  alterations  of  stone 
produced  by  man  from  those  produced  by  natural  processes. 

It  has  been  argued  throughout  this  thesis  that 
archaeologists  need  to  approach  the  question  of  a  natural 
versus  a  human  origin  for  questionable  assemblages  on  an 
objective,  quantified  basis.  Alternative  hypotheses  must  be 
explicitly  stated  and  tested.  Important  components  to  this 
assessment  involve  evaluation  of  the  contextual  parameters 
of  specimens  within  a  given  geomorphic  envi ronment ( s )  and 
quantification  of  alterations  of  specimens.  Unless  similar 
studies  are  undertaken  at  other  potentially  important  sites 
in  North  and  South  America,  interested  scholars  will 
continue  to  be  divided  into  separate'  and  distinct. 


diametrically  opposed  camps.  This  unfor tunat 1 ey  is  not 
science  and  does  little  to  progress  knowledge  regarding  the 
early  occupants  of  the  New  World. 
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IX.  Appendix  I 


A.  The  Savage  Riven  Experiment 

In  preceding  sections,  a  certain  dissatisfaction  was 
expressed  concerning  the  design  of  experiments  to  evaluate 
the  Kind  and  rate  of  attrition  in  a  fluvial  environment.  The 
presence  or  absence  of  water,  while  necesary,  is  not  a 
sufficient  condition  to  simulate  particle  movement  in  an 
aqueous  regime  (e.g.,  Tringham  et  al.  1974).  For  these 
reasons  it  was  decided  to  conduct  an  experiment  in  a 
controlled  situation  of  horizontally  flowing  water. 

For  these  purposes,  two  situations  are  suitable  for 
examining  abrasion  in  a  fluvial  environment;  flumes,  and 
natural  streams.  The  advantages  of  the  former  are  many  in 
that  is  is  possible  to  control  precisely  a  host  of  input 
variables  (rate  of  flow,  time,  matrix);  however,  several 
disadvantages  make  natural  envi ronmenents  more  suitable. 

The  greatest  disadvantages  in  using  flume  apparatuses 
are  limits  on  the  size  of  clasts  that  can  be  introduced  and 
on  the  size  of  the  bed  load  medium.  In  addition,  comparisons 
of  the  rate  of  attrition  in  natural  streams  and  laboratory 
conditions  indicate  that  laboratory  abrasion  proceeds 
somewhat  slower  for  a  given  distance  traveled. 

The  size  limitations  inherent  in  flume  experiments 
allow  for  the  study  of  mi cromorpho logical  alterations  but 
make  it  nearly  impossible  to  study  macromorphologi ca 1 
alterations.  For  these  reasons,  it  was  decided  to  utilize  a 


250 


■;f  '■Je  ''I  iV 

^ 

■I  - 


,  I 


li  <81  I  -  i* 


vfSNBris^iM^ 


t 


» I 


.%nO'  •ji*^*‘ 


■If  ♦  "y  * 


1  :H5  t^*^lS3ni 


—  I  _  »►  - 

»'•  „  ■  4P  7  f  t  I.'.i  «:5-;  i  iTjn^^- 4^.:' 

«  ,.  • 

I 

■■Vs  '  .  “f^: 


■  'f,  ■V""''t  ■:^  ■  I*'- 

‘N), 

.  ■■  V  ,  '  i  -<•  ^'  '  7t  1  '*  t  s';  ■  -i  .  ; .  1."  '  *•  Oi  M: 1  {!«» 

^  . 

«■’  fli"  '‘.v-  ''V»  /  I  i;/- 


*M.Jt  »£^ 


9  vui' 


«jL  -  rs?: 

"^131^  i--  .  cf//  ■?;  c  ♦'•# 


1:. 

.^1  ••»’^' 


7/ini  •  f r  *  lap 

r  .S'  >  .  ^  ^  .  _i.i5 

.*  y  •  ’* 


.  >  ♦- 


v  ,  .V-*.  ~  ^ 

•  #  -  .  ^  ’  ■< 

f  #  "i  rt 


■  m  '•  ^ 

.•  '*  y 


•  /: 


-  ti 

*.  ^  : 


;  ?  -■  J 

s-  . 

M  *  ^  '.H 


f*  t  * 


rK'9  -.<^1.. 

•  *  t/  .'-n 

•  ,y/; 

i  ‘  ’  -^v 


^;r-r6  -vr*' 

i. 

■J 

',  f  .  ■*.  '••.:^-..;,v  ,•  .;  f ' 


>'1. 


f^Sx'.  t  v:  4»n4^4iaitv(^  4. »•/;;:  « -iV 

-.  ■.'«**'  ^"  iJs  ^  ^  ^  - '  * 

pc3T"'^ t -'^'  'liiis*’  3*^:?  y' *  ■  ^  JK ,  ":  <■  ff  a^tj 


•1 


JTV 


< 

(  i.  f 


♦  ■*'  'Si 

«>(£ 


.•:y,'{|-,.7Aj  Cf*>s^  •  sblMft; 

/  .  '  -*■- 


>5  **ik4i 


•  !• 


'  V  -'► 


-  fC:.  y..  ?"-r  .:;:  A 

■'j'" 


-  / 


:.  *•  .(#"  ■  » 
k"?"’ 


;  ■?f-.!-  l»  ^r  *1;  .»  :■  ?.  %  •  ’.  ?  >0 

'  tmh 


*  m  •  <  , 


'  A’,; 

^1 


.1  fh» 


'  "‘‘fc  ■ 


^ 


•it  ^fij 

'i 


•’  V  l| 


iM-  ui 


* '  f  ‘ 

'  '  V 


j  I  m 


:\M  :'  "'kk/k'-^k  '  -  .  ‘\:  '.'  ’^-SiSliL 


-■i:—,-  i| 

■  ‘".vj/’’'  ■  ■ 

i  k  '.« 


■>  ■ 


i-S’ 


•‘fc-.,-  k.k^’ 


f.  <t.j«.  *. .,  y , 

.  '  ..'il..'*'  iL. 


251 


natural  stream  environment. 

Comparabi 1 i ty 

One  final  issue  in  designing  experiments  to  observe 
alterations  to  clasts  in  fluvial  environments  must  be 
discussed;  the  issue  of  comparability.  Streams  differ 
greatly  along  continua  of  several  crucial  variables  (e.g., 
bed  load,  velocity)  that  make  it  difficult  to  interpret 
specimens  from  archaeological  sites  directly  from  the 
experimentally  derived  results.  Thus,  the  lack  of  production 
of  large  flake  removals  in  an  experimental  situation  cannot 
then  be  used  to  infer  that  no  large  flakes  were  removed  in 
the  archaeological  situation.  Thus,  only  general  principles 
applicable  to  all  situations  may  be  applied,  and  not  context 
specific  processes. 

Loca  t i on 

The  Savage  River  in  western  Maryland  periodically  is 
allowed  to  flow  past  a  dam  from  a  reservoir  during  high 
water  levels.  After  issuing  out  of  the  drainage  pipe,  the 
waters  flow  rapidly  down  a  steep  gradient  for  about  four 
miles  to  the  west  branch  of  the  Potomac  river.  Along  its 
short  bed  the  stream  encounters  a  number  of  man-made  and 
bedrock-controlled  topographic  features  which  provide  a 
certain  amount  of  variability  in  the  rate  and  kind  of  flow 
in  the  stream.  For  much  of  its  course  the  stream  consists  of 
a  bou Ider -strewn  channel  that  at  peak  flow  produces  large 
waves  and  "holes."  Other  portions  of  the  channel  consist  of 
deep  pools  with  a  relatively  slower  rate  of  flow.  For  this 


■ 


iifc' 


V.  ■«  V  -A  «U  tf^  f '  '1  -^y  '  I  i?  *  iii  »  V  *  ^-•' 

'  .  '•  ■•  i  f  1 .‘  f  If  • 


S  j "  •' 


.  J.  » 


r  ,  #• 


’ 


■' 

*  'f  •  ,iKk  ,..  i>  S 

.  % ; » «  ?  4:>  ^*ol  »i.  •  t  .  HI ««  i  -.  ,1 

y .  .  ■^ ! 

V  ,  ^  v|>-<  J  g'.'t5''*  *>♦  •  -■  *i  yj  '  m  * :  '•  ''■.* 

-  >  - 

«(«'.  ■'  .  1  -»  ",  '  f  -r  ‘41. 


-  > 
tr  •■%,4t 


1^  ./I  •'  » 


ja  ;  '  «».*n .  ci  »>t 

•  ^  i 


f  • 


♦ 

■  -  -  ■  .-■  -it'' 


C  'P*'f»  -  "■<^f‘-  CvV 

*  ., 


'if:.  ‘  5r'*e^>106;  ,r'>  * 


' 


•.  ll. 


:  ?■■- T 

Cf:  " 


t  V. 


^  ^  .  S.I  >97  r>»  J  i  <iiiy>.;| 


'  i  •:  * 


t' 


4 


V  i*!  _  ■• 

r  y  < 


-ij? 

t 

rt/t;  1 

I  j  ^  * 

f  •.■*1  V  r-''  i  '.  t-ayjfj,  ^  .j. 


-!t;  ^ 

.'•!  >J 


i-1  * 


j<  -  .  C' ,, 


\  J 

fWit.'Ay  ’■ 

1  *  ^ 

*  .r'-or.  V.  .'  •  d'l 

,  :.*,^  ^  ^  ~i 

wo?  > 

r  , 

v;.i  giM  ■  - 

,*  r  nw 

iSi?  :rP  <M» 

r 

\  ,  ■ 

(  • 

V*  •■*?  ■"  J^ 

^  ■  J  » 

- 

.  ■.^«  ■  ‘ ;»  -^^ 

1^.  :• ' 

4m 

f 

*t  f*  , 

'.'•  ••  '  '"tT:  Ua  i  f  <■  "> 

■  *  *  J 

v. 


-fci  -  ' 

'  ~  Uitf  fnL'-'Vc  -  Aljf'  ’  '•"  'fc 

.^i;  »r,  '.i  >  r^S  ■  ,0l 

*^^* ‘‘*^*\^*.  ••V''^.’ '  ■' '  ^  ’'^w^r  ’ /  i  ''»*-‘iDrV>'-  i 

I  6,  ^  4  ’  *■-  * 

# 


i«A 


f ..  \  'j  I  »-  V  .  r-..-  i  J  ;|(  fl'j 


4,  :■  '  - 


.  v’ 


-  S'  *  i/r 


•  V 


''  > 


it  i-  !!?. 


252 


experiment,  an  area  largely  free  of  boulders  with  imbricated 
cobble-sized  clasts  lining  the  channel  floor  was  selected. 
This  particular  area  was  chosen  because  of  nearness  to  the 
road  and  accessibility  of  specimens  after  subsidence  of  the 
stream.  The  lack  of  boulders  and  deep  channels  allowed  for  a 
very  high  rate  of  recovery  of  specimens. 

Experimental  Specimens 

A  total  of  330  chert  and  siliceous  siltstone  specimens 
were  placed  in  the  stream  during  low  water.  The  lithology  of 
these  specimens  differed  in  no  significnt  way  from  the 
lithologies  represented  in  the  Timlin  collection.  In  fact, 
the  majority  of  flakeable  specimens  were  siliceous  siltstone 
and  chert  clasts  collected  from  fluvial  gravels  at  the  West 
Branch . 

As  stated  earlier,  the  purposes  of  this  experiment  were 
to  test  both  macro-  and  mi cromorphologi ca 1  alterations  in  a 
fluvial  context.  For  these  reasons  it  was  decided  to  utilize 
a  wide  range  of  sizes  and  morphologies  of  clasts.  The 
majority  of  specimens  consisted  of  medium  to  large  flakes, 
with  smaller  numbers  of  small  flakes  and  large  nodules.  For 
the  large  nodules,  both  rounded  and  freshly  fractured 
specimens  were  utilized. 

Specimens  were  subjected  to  high  water  levels  for 
approximately  20  hours;  10  hours  per  day.  Specimens  were 
placed  along  two  lines  perpendicular  to  the  flow  of  the 
stream  and  separated  by  about  30  feet.  In  addition,  in  the 
face  of  the  rapidly  impending  approach  of  the  flood  waters, 
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a  number  of  flakes  were  hurried  ley  placed  in  a  tight 
circular  cluster  in  a  position  further  upstream.  The  latter 
specimens  were  approximately  30  feet  upstream  from  a 
bou Ider -strewn  rapids  at  the  head  of  which  the  downstream 
lines  of  clasts  were  placed. 

Movement  of  Clasts 

From  the  relatively  high  velocity  of  the  river  at  flood 
stage  and  the  occasional  large  size  of  clasts  within  the 
bedload  that  had  apparently  been  moved  to  their  present 
position  by  the  stream,  it  was  expected  that  considerable 
movement  of  clasts,  particularly  the  smaller  ones,  would 
take  place  over  a  two-day  period.  However,  very  little 
actual  movement  took  place,  and  what  movement  did  occur  was 
in  the  largest  and  smallest  size  range.  The  very  largest 
specimen,  weighing  approximately  kg,  moved  about  36  feet; 
and  one  small  flake  placed  in  a  trough  at  the  head  of  the 
rapids  was  transported  almost  60  feet.  The  great  majority  of 
specimens  were  not  transported  much  over  3  feet,  with  many 
experiencing  no  movement  at  all.  The  explanation  for  this 
pattern  of  movement  is,  with  hindsight,  in  perfect 
conformity  with  general  principles  of  fluid  dynamics  and 
processes  of  particle  movement  in  fluviatile  environments. 
Some  of  the  variables  involved  in  whether  or  not  specific 
clasts  will  move  or  not  are  stochastic  while  others  can  be 
largely  controlled. 
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Damage  to  Specimens 

For  very  practical  reasons,  only  those  specimens  which 
exhibited  observable  damage  were  recovered  from  the  stream; 
approximately  149  specimens  were  left  for  recovery  at  a 
future  date  after  further  periods  of  transport.  Thus  only 
45.1%  of  the  specimens  introduced  into  the  stream  underwent 
macroscopic  alterations,  though  the  remainder  may  well  have 
undergone  microscopic  damage.  The  majority  of  the  damage  to 
specimens  consisted  of  the  removal  of  paint,  and, 
presumably,  portions  of  ridges  and  edges.  In  most  cases  this 
v^^ear  undoubtedly  resulted  from  abrasion  by  sand-sized 
particles  in  suspension.  Other  specimens  which  traveled  an 
appreciable  distance  exhibit  evidence  of  more  extreme  edge 
and  ridge  wear  due  to  sliding  and  rolling  over  immobile 
clasts. 

In  addition  to  edge  and  ridge  abrasive  wear,  a  number 
of  specimens  exhibit  percussion  craters  on  ridges,  as 
described  by  ShacKley  (1974),  although  on  a  much  larger 
scale  due  to  the  greater  size  of  particles  in  this 
experiment.  These  percussion  craters  are  also  visible,  to  a 
lesser  extent,  on  one  or  more  faces  of  several  specimens. 

Damage  to  flake  and  nodule  edges  represents  the  most 
extensive  modification  of  specimens.  On  virtually  all 
f 1 ake- specimens ,  paint  was  removed  from  edges  by  the 
detachment  of  small  (up  to  several  mm  in  length) 
microflakes.  On  several  specimens,  relatively  large  .1  to 
1cm  flakes  were  detached.  Flakes  larger  than  one  cm  were 
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primarily  restricted  to  nodules  or  very  large  flakes. 
Macromorpho logical  Alterations 

Table  38  presents  metric  data  for  the  dimensions  of 
flakes  removed  during  the  experiment.  Of  these  flake 
removals,  only  eleven  exceeded  one  cm  in  length,  the 
majority  of  these  being  between  one  and  two  cm  (nine 
specimens).  Only  one  flake  removal  (3.7  cm  long  x  5.2  cm 
wide)  approaches  the  size  of  specimens  in  the  Timlin 
col  lection. 

Due  to  the  small  size  of  the  majority  of  flake 
removals,  the  Beta  angle  measurement  is  meaningless.  For 
scars  of  this  size,  the  Beta  angle  relates  more 
realistically  to  the  availability  of  edges  possessing 
angles  of  varying  degrees.  In  this  instance,  the  majority 
of  edges  of  flakes  are  acute. 

For  flakes  exceeding  1  cm  in  length,  six  flakes 


possess  feather  terminations. 

wi  th 

four 

step  and 

one 

hinge  termination.  Although 

too 

sma  1  1 

a  sample 

to 

generalize  from,  these  data 

conform 

to  Model 

4 

predictions  outlined  in  Chapter  III. 

Mi cromorphologica 1  Alterations 

The  most  prevalent  kind  of  alteration  suffered  by 
specimens  consisted  of  small,  edge-mi crof 1 aki ng .  All 
recovered  specimens  exhibited  greater  or  lesser  degrees 
of  this  form  of  damage.  The  majority  of  microflakes  were 
under  1  mm  in  length  and  visible  only  with  the  aid  of  a 
binocular  microscope. 
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Although  only  in  the  incipient  stages,  the  effect  of 
this  edge  microflaking  would  probably  be  to  dull  or  round 
the  edges  of  flakes  and  nodules  and,  to  a  lesser  extent, 
ridges.  A  similar  phenomenon  was  reported  by  Kuenan 
(1956:  352)  for  angular  pebbles  rolled  in  a  circular 
f 1 ume . 

Flake  scar  termination  observations  of  these 
microflakes  were  recorded  for  flakes  between  one  and  ten 
mm  in  length  (Table  39).  Again,  the  majority  of  flake 
scars  exhibit  feather  terminations  (54%)  though  a 
significant  percentage  (44%)  exhibit  right-angled 
terminations  (hinge  and  step).  In  addition,  the  majority 
of  flake  scars  exhibit  cone  features  in  contrast  to 
bending  fracture  features. 
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Table  39 


FlaKe  Scar  Terminations 


Absolute 

Relative 

Cum 

F  req 

Freq 

(Pet) 

Freq 

(Pet) 

Indetermi nate 

2 

2.0 

2.0 

H  i  nqe 

16 

16.3 

18.4 

Step 

27 

27.6 

45.9 

Feather 

58 

54. 1 

100.0 

Total 

98 

100.0 

100.0 
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